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PREFACE 


The  experience  of  twenty  years  in  the  design,  construction, 
and  practical  management  of  sewage  disposal  works  has 
enabled  us  to  put  before  the  reader,  interested  in  such 
problems,  a condensed  account  of  Modern  Methods  of 
Sewerage  and  Sewage  Disposal.  The  members  of  local 
authorities  and  their  officials,  who  are  as  a rule  active 
business  men,  usually  have  no  time  to  study  elaborate 
treatises,  when  it  is  necessary  for  their  Boards  to  undertake 
the  construction  of  such  works,  and  we  believe  that  the 
information  herein  given,  based  entirely  on  practical 
acquaintance  with  the  subject,  will  prove  of  value  in  assist- 
ing them  to  decide  which  system  of  sewerage  and  sewage 
disposal  should  be  adopted  to  meet  the  requirements  of 
their  particular  town  or  district. 

The  standard  of  sanitation  is  daily  increasing,  and  it 
behoves  every  local  authority  to  seriously  consider  how  they 
can  best  keep  their  districts  abreast  of  the  times.  An  in- 
sanitary town  depletes  the  vitality  of  its  inhabitants,  keeps 
desirable  residents  away,  and  is  indirectly  a financial  loss 
to  the  community.  The  expenditure  incurred  on  laying 
sewers,  constructing  sewage  disposal  works,  and  perfecting 
the  sanitary  condition  of  towns  is  not,  as  is  sometimes 
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imagined,  entirely  unremunerative,  the  result  always  being 
healthier  homes,  less  epidemical  disease,  a stronger  and 
more  vigorous  people,  a lower  death-rate,  and  a general 
addition  to  the  comfort  and  welfare  of  the  inhabitants  of 
the  district. 


VV.  H.  TRENTHAM, 

M.I.Mech.E.,  M.I.E.E., 

JAMES  SAUNDERS, 

Assoc, M. Inst. C.E.,  A.R.I.B.A., 

Consul/itig  Enghieers. 


39  Victoria  Street, 
Westminster,  S.W.,  July  190S. 
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MODERN  METHODS  OF 
SEWAGE  DISPOSAL 

INTRODUCTION 

The  sewerage  of  towns  and  villages  has  developed  from  a 
hap-hazard  construction  of  stone  culverts  and  brick  sewers 
— too  large  as  a rule  to  take  the  flow — laid  in  an  irregular 
manner,  following  the  curvature  and  gradients  of  the  streets, 
liable  to  stoppages  and  the  retention  of  effete  matters, 
dangerous  to  health,  and  the  primary  cause  of  epidemic 
diseases.  Sanitary  engineers,  when  laying  out  a scheme  of 
sewerage,  now  carefully  calculate,  from  data  founded  on  long 
experience,  the  dimensions  of  the  sewers  necessary  to  carry 
off  both  liquid  and  solid  matters  as  quickly  as  possible.  It 
may  appear  to  the  lay  mind  to  be  a simple  matter  to  con- 
struct a system  fora  town  or  village  ; but  the  past  has  proved 
that  a great  amount  of  skill  and  experience  is  required  to 
design  one  which  will  be  economical,  effectual  in  work,  and 
efficiently  ventilated  in  such  a manner  as  not  to  be  a nuisance 
to  the  inhabitants.  Moreover,  however  well  and  carefully  the 
design  of  a scheme  be  prepared,  complete  satisfaction  cannot 
be  obtained  unless  the  engineer  is  careful  to  see  that  his 
plans  are  carried  out  in  every  detail.  In  one  case,  which 
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came  under  the  notice  of  the  authors,  the  sewers  were  con- 
structed in  such  a manner  that  enormous  quantities  of 
subsoil  water  found  access  thereto.  This  not  only  caused 
the  Corporation  concerned  a very  considerable  expenditure 
in  relaying  and  reconstructing  many  portions  of  the  system, 
but  also  involved  them  in  a costly  law-suit  and  extensive 
additions  to  the  purification  plant. 

In  former  times,  when  sewage  was  disposed  of  on  land,  no 
scientific  explanation  of  the  reasons  for  the  change  in  the 
organic  matters  had  been  evolved ; but  it  is  now  known,  with 
a great  amount  of  exactitude,  that  the  growth  and  develop- 
ment of  biological  life,  and  the  micro-organisms  in  the  soil, 
are  responsible  for  the  changes  taking  place  when  sewage  is 
applied  to  land,  and  this  knowledge  has  now  been  applied 
to  the  construction  of  “ anaerobic  ” and  “ aerobic  ” artificial 
purification  works.  A considerable  amount  of  definite 
knowledge  has  been  accumulated,  enabling  artificial  methods 
of  propagation  of  the  biological  life  to  be  developed  under 
the  best  conditions  for  effecting  the  dissolution  of  the  organic 
matters  in  sewage. 

In  the  opinion  of  the  authors — based  on  a number  of  years’ 
actual  experience  of  working  bacterial  and  biological  dis- 
posal plants  which  entailed  making  analyses,  both  bacterio- 
logical and  chemical — it  is  necessary  that  the  consulting 
engineer  engaged  on  the  construction  of  sewage  disposal 
works  should  be  conversant  with  every  part  of  the  manage- 
ment, as  success  lies,  not  only  in  the  broad  lines  of  laying 
out  a scheme,  but  also  in  that  attention  to  the  minute 
details  which  can  only  be  learnt  by  practical  work. 

“ Biological,”  “ bacteria,”  “ microbes,”  “ anaerobic,” 
“aerobic,”  and  other  similar  terms  constantly  occur  in 
speaking  of  sewage  works.  To  the  active  business  man  the 
use  of  these  unfamiliar  scientific  words  probably  conveys 
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but  little  meaning,  and  this  has  induced  the  authors  to  explain 
them  as  clearly  as  possible. 

Biological  Filters  are  beds  of  artificial  construction 
prepared  to  cultivate  the  lower  forms  of  life,  animal  and 
vegetable,  for  the  purpose  of  purifying  sewage.  The  term 
biological  embraces  all  living  matter  developing  in  the  beds, 
such  as  worms,  infusoria,  bacteria,  plants  and  other  forms  of 
life.  The  word  is  a derivative  of  biology,  from  two  Greek 
words  signifying  “the  course  of  life”  and  “a  word.”  It 
was  first  introduced  by  Trevaranus  of  Bremen  to  describe 
the  science  which  collects  information  systematically  about 
all  living  beings,  and  classifies,  compares,  and  deduces  laws 
which  explain  their  existence.  It  is  the  science  of  all  life  in 
its  widest  acceptation,  including  animal  and  vegetable,  and 
embraces  the  sciences  of  zoology,  botany,  anthropology, 
anatomy,  and  physiology. 

Microbes. — In  1878,  Sedillot  applied  this  name  to  any 
minute  organism — vegetable  or  animal— which  requires  the 
aid  of  microscopic  powers  to  make  its  form  apparent  to  the 
eye ; hence,  “ micro-organism,”  which  has  the  same  meaning 
as  microbe.  Pathogenic  microbes  are  those  which  produce  or 
generate  disease.  Septic  micro-organisftis  are  those  particular 
species  which  cause  putrefaction  and  blood-poisoning,  thus 
“ septic  tank  ” means  a tank  constructed  for  developing  the 
putrefactive  microbes. 

Bacteria  is  the  name  given  to  fungi,  the  minute  organisms 
which  either  decompo.se  or  cause  putrefaction  in  organic 
substances.  They  vary  in  size  from  one  five-thousandth  to 
one  twenty-five-thousandth  of  an  inch,  and,  when  viewed 
under  the  highest  microscopic  powers,  appear  little  larger 
than  minute  dots  of  ink  on  paper.  They  are  of  various 
forms,  some  being  globular,  others  egg-shaped,  the  most 
common  form  being  that  of  the  jointed  rod.  They  are 
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distributed  indiscriminately  all  over  the  surface  of  the  world, 
developing  in  various  ways  according  to  their  environment, 
the  great  majority  living  in  the  superficial  layers  of  decom- 
posing plant  and  animal  tissue. 

Aerobic  Bacteria  live  only  in  the  presence  of  air,  in 
contradistinction  to  the  anaerobic  bacteria,  which  only  thrive 
in  the  absence  of  air.  When  air  is  present  the  aerobic 
organisms  multiply  with  great  profusion,  and  in  obtaining 
sustenance  convert  the  organic  matters  into  simpler  elements 
in  an  inoffensive  manner.  On  the  other  hand,  the  anaerobic 
bacteria  give  off  large  quantities  of  objectionable  gases  when 
feeding  on  the  organic  matters  and  reducing  them  to  simpler 
elements. 

Infusoria,  derived  from  a modern  I.atin  word,  signifying 
“ to  pour  in,  to  infuse.”  Otto  Frederick  Muller  first 
applied  the  name  to  the  microscopic  animalculae  developed 
in  organic  infusions.  A drop  of  water  from  a weedy  pool 
or  ditch,  or  stale  sewage,  when  viewed  under  the  microscope, 
contains  infusoria  in  countless  numbers;  some  belong  to 
the  animal  kingdom,  some  to  the  vegetable  kingdom,  while 
others  are  on  the  border-land  between  animals  and  plants. 

Fresh  crude  sewage  teems  with  microbes,  bacteria,  and 
the  spores  of  infusoria  of  numerous  different  species,  and  in 
disposal  works  beds  are  constructed  to  cultivate  them  and 
increase  their  fecundity  for  the  specific  purpose  of  changing 
the  organic  constituents  of  the  sewage  into  simple  inoffensive 
elements.  When  sewage  is  admitted  either  into  a contact 
bed  or  percolating  filter,  the  organic  matters  in  it  adhere 
to  the  innumerable  surfaces  presented  by  the  filtrant ; the 
micro-organisms — known  as  microbes,  bacteria,  infusoria, 
and  the  other  biological  life — then  commence  to  feed  upon 
the  organic  matters  present  in  the  sewage  and  multiply  with 
extraordinary  prolificacy,  so  that  each  particle  of  filtrant  is 
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very  soon  entirely  encased  with  a coating  of  micro-organisms. 
After  feeding,  the  admittance  of  air  to  the  filter — which  pro- 
cess is  given  the  name  of  aeration — is  necessary  to  the  aerobic 
organisms,  and  it  revivifies  them,  so  that  they  may  receive 
additional  food  by  the  application  of  a further  dose  of 
sewage.  The  alternations  of  feeding  and  aeration  can 
proceed  indefinitely  so  long  as  the  proper  conditions  for  the 
existence  of  the  organisms  are  maintained. 

Beds  for  the  purification  of  sewage  are  referred  to  either 
as  contact  beds,  which  term  designates  a bed  composed  of 
some  suitable  medium  for  retaining  bacteria,  etc.,  such  as 
slate,  coke,  clinker,  or  other  convenient  substances,  placed  in 
a tank  so  that  by  shutting  a valve  every  portion  of  the  medium 
can  be  immersed  and  brought  in  contact  with  the  liquid  which 
is  to  be  purified ; or  as  percolating  filters,  which  are  also 
known  as  continuous  filters,  flow  filters,  or  trickling  filters, 
on  which  the  sewage  is  distributed  over  the  upper  surface  in  a 
fine  spray,  gradually  trickling  downwards  over  each  particle 
of  filtrant  until  the  outlet  drains  are  reached. 

The  words  sewage  works  and  sewerage  works  are  frequently 
mis-used.  The  former  term  should  only  be  applied  to  works 
constructed  for  the  purification  of  sewage,  the  latter  term  to 
the  sewers,  manholes,  and  other  works  made  for  the  con- 
veyance of  the  sewage  to  the  outfall. 

The  Natural  Purification  of  sewage  is  understood 
to  mean  that  it  is  treated  either  by  filtration  or  broad 
irrigation  on  land.  Land  filtration  is  the  concentration  of 
sewage  upon  as  small  an  area  of  land  as  it  is  possible  to 
purify  it  on  without  excluding  vegetation.  Lattd  irrigation 
consists  of  distributing  the  sewage  over  the  whole  area  of 
the  land  in  as  thin  a film  as  is  compatible  with  completely 
wetting  the  surface,  having  in  view  a maximum  growth  of 
vegetation. 
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The  Artificial  Purification  of  sewage  includes  its 
treatment  in  tanks  and  on  filters,  either  contact  beds  or  by 
percolation. 

In  the  natural  purification  of  sewage,  the  microbes, 
bacteria,  infusoria,  and  other  biological  life  are  the  agents 
which  ultimately  change  the  organic  matters  causing  the 
pollution.  In  artificial  purification  of  sewage  the  beds  are 
designed  to  cultivate  this  biological  life  for  the  specific 
purpose  of  changing  the  organic  matters  into  simpler 
elements. 

The  Nitrification  of  sewage  is  the  conversion  of  the 
organic  substances  into  nitrogen  and  gases  by  the  activity 
of  the  bacteria.  Ammonia  is  one  of  the  objectionable 
forms  of  pollution  present  in  sewage ; chemically  it  consists 
of  one  molecule  of  nitrogen  and  three  molecules  of  hydrogen, 
this  combination  giving  off  a pungent  and  objectionable 
smell.  Considerable  quantities  of  ammonia  are  found  in 
all  sewage,  which  the  micro-organisms  attack,  the  hydrogen 
being  liberated  as  a gas  or  combining  with  oxygen  to  form 
water,  the  nitrogen  combining  with  oxygen  and  the  alkalies, 
forming  nitrates,  or  nitrites,  which  are  salts  of  nitric  and 
nitrous  acid  respectively  in  a non-putrefactive  form,  and  in 
such  a condition  as  to  be  readily  assimilated  by  plant  life. 

Oxidation, — The  most  abundant  of  all  substances  in 
the  world  is  oxygen.  It  forms  one-fifth  of  the  atmosphere, 
and  eight-ninths  of  the  water,  by  weight,  every  gallon  of 
which,  if  pure,  has  about  two  cubic  inches  of  oxygen  dis- 
solved in  it.  When  water  is  polluted  the  organic  matters 
present  rob  it  of  some  of  its  free  oxygen,  the  amount 
depending  upon  the  degree  of  pollution.  The  various 
changes  brought  about  by  the  biological  life  in  polluted  water 
tend  to  purify  it,  the  bacteria  absorbing  oxygen,  which  the 
water  dissolves  from  the  atmosphere,  and  in  the  perform- 
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ance  of  their  life  functions  cause  this  oxygen  to  combine 
with  the  organic  substances,  by  various  stages,  until  the 
water  is  again  pure  and  fully  oxidised. 

Having  cleared  the  way  by  defining  the  scientific  nomen- 
clature usually  employed,  the  practical  work  of  sewering 
towns  and  disposing  of  the  sewage  in  a sanitary  manner  will 
now  be  described. 
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SEWERAGE  SYSTEMS 

In  laying  out  the  sewers  of  a town  or  village,  it  should  first 
be  determined  if  the  place  is  to  be  sewered  on  the 
“separate”  or  “combined”  system ; that  is  to  say,  whether 
the  storm  or  surface  water  is  to  be  admitted  to  the  main 
sewers,  or  run  into  a separate  system  constructed  entirely  for 
that  purpose.  In  small  towns  and  villages,  and  in  the 
suburbs  of  larger  towns,  the  “ separate  ” system  is  advisable ; 
the  “ combined  ” system  being  generally  used  when  the 
districts  are  so  much  congested  that  the  street  washings  are 
virtually  as  polluted  as  the  ordinary  flow  of  sewage.  In  old 
towns,  where  there  is  already  a system  of  sewers  laid,  these 
may  frequently  be  adapted  for  carrying  off  the  surface  water, 
the  new  sewers  being  retained  entirely  for  sewage  proper. 
Even  when  a separate  system  is  laid  in  towns,  a certain  pro- 
portion of  rain  water  will  probably  have  to  be  admitted ; 
usually  this  is  confined  to  the  washings  from  back  yards  and 
the  roof  water  from  the  rear  of  the  premises,  which  cannot 
be  conveniently  carried  into  the  storm  sewer;  and  should 
pumping  be  required,  it  is  advisable  to  limit  the  rainfall 
admitted  to  the  sewers  to  the  smallest  quantity  possible, 
in  order  to  keep  down  the  consequent  charges.  The  result 
of  laying  a “separate”  system  in  a town  is,  that  a large 
saving  can  be  effected  in  the  cost  of  the  sewers  and  man- 
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holes,  as  well  as  a reduction  in  the  capital  expenditure  upon 
the  sewage  purification  works. 

The  amount  of  sewage  will  depend  in  a very  great 
measure  upon  the  density  of  the  population,  and  whether  it 
be  a manufacturing  or  residential  town.  In  rural  districts 
this  amount  may  be  taken  at  from  15  to  30  gallons  per 
head  of  population  per  day ; in  larger  urban  districts  the 
quantity  may  amount  to  from  20  to  40  gallons  per 
head  of  population  per  day.  An  approximation  to  the 
amount  of  sewage  can  always  be  obtained  if  the  place  has  a 
public  supply  of  water,  the  flow  of  sewage  being  usually 
equal  to  the  public  water  supply. 

In  addition  to  the  ordinary  domestic  sewage  and  the 
liquid  refuse  from  the  various  trades  in  the  district,  there  is 
also  a proportion  of  rainfall  which  will  find  its  way  into  the 
sewers,  even  if  the  place  is  sewered  on  the  separate  system. 
This  is  a very  variable  quantity,  and  in  each  district  the 
records  of  any  rain  gauges  available  should  be  consulted  to 
find  the  average  and  maximum  rates  of  fall.  A usual 
allowance  is  to  provide  for  2 '6  inches  of  rainfall  per  day  in 
large  towns;  i’3  inches  in  small  tovvns ; and  i inch  per  day 
in  rural  villages,  half  of  this  passing  off  in  six  hours.  This 
rainfall  must  be  taken  over  the  whole  area  actually  con- 
tributing to  the  sewers,  which  in  a town  sewered  on  the 
separate  system  would  comprise  the  back  roofs  of  houses  and 
back  yards ; while  in  a town  sewered  on  the  combined  system, 
it  would  also  include  the  streets,  front  roofs,  and  fore-courts 
of  premises  in  addition.  The  Local  Government  Board  allow 
storm  water  exceeding  six  times  the  normal  dry  weather 
flow  to  be  passed  into  a water-course  without  treatment, 
which  practically  means  that  all  sewage  disposal  works  have 
to  treat  six  times  the  normal  flow. 

The  sewers  should  be  laid  in  straight  lines  from  manhole 


lo  Modern  Methods  of  Sewage  Disposal 

to  manhole,  and  have  even  gradients  between  these  points 
sufficient  to  always  ensure  self-cleansing  velocities.  In  main 
outfall  sewers  where  the  sewage  is  always  running  at  a con- 
siderable depth,  the  velocity  may,  in  special  cases,  be  as  low 
as  2 feet  per  second ; in  other  main  sewers  connecting  up 
different  districts,  the  velocity  should  not  be  less  than  2^ 
feet  per  second,  while  all  the  tributary  sewers  should  be 
laid  to  falls  to  ensure  a velocity  of  at  least  3 feet  per  second. 
If  the  gradients  of  the  sewers  are  such  that  the  velocities 
will  exceed  6 feet  per  second,  means  should  be  taken  to 
check  this  velocity  at  the  manholes,  so  that  the  inverts  may 
not  be  damaged  by  the  scour  of  the  sewage. 

The  minimum  depth  at  which  the  sewers  should  be  laid  will 
depend  upon  whether  it  is  necessary  to  drain  the  basements 
(if  any)  in  the  district,  the  depth  in  this  case  being  governed 
by  the  lowest  basement  j but,  as  a general  rule,  10  feet  from 
the  surface  of  the  road  to  the  invert  will  be  sufficient.  In 
towns  where  there  are  no  basements,  this  depth  may  be  kept 
at  5 feet ; but  there  are  instances  where  it  is  sometimes  advis- 
able to  lay  the  sewers  at  shallower  depths  than  this,  and  then 
either  iron  pipes  must  be  used,  or  the  stoneware  pipes  be 
entirely  encased  with  6 inches  of  cement  concrete.  Where 
the  depth  of  the  sewers  is  more  than  15  feet  below  the 
surface  of  the  ground,  and  earthenware  pipes  are  used,  these 
should  also  be  encased  in  not  less  than  6 inches  of  cement 
concrete. 

The  size  of  the  sewers  should  be  governed  by  the  normal 
flow  of  sewage,  the  rainfall,  and  the  gradient  obtainable,  the 
internal  sectional  area  being  carefully  calculated  from  these 
data.  An  allowance  should  be  made  in  towns  which  are 
rapidly  extending,  for  a prospective  increase  in  the  amount 
of  sewage;  but,  on  the  other  hand,  sewers  too  large  in 
diameter  retard  the  velocities  of  the  sewage  and  give  a great 
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amount  of  trouble  through  the  deposition  of  solid  matter 
on  the  inverts.  No  public  sewer  should  be  less  in  diameter 
than  6 inches. 

For  small  sewers  up  to  24  inches  in  diameter,  glazed 
earthenware  socketed  pipes  should  be  used,  these  being 
either  jointed  in  cement,  or,  if  wet  ground  be  encountered, 
one  of  the  numerous  patented  double-jointed  pipes  are 
preferable,  where,  in  addition  to  the  cement  joint,  there  is  a 
plastic  ring  of  bitumen.  For  larger  sewers,  brickwork  built 
in  cement  should  be  used,  the  lower  portion,  where  the  wear 
is  greatest,  being  constructed  with  blue  Staffordshire  bricks, 
the  inverts  being  formed  with  specially  made  hard  glazed 
stoneware  blocks,  which  ensure  a truer  invert  and  a 
smoother  channel  for  the  passage  of  the  sewage.  The 
bricks  used  for  the  construction  of  sewers,  manholes,  and 
flushing  chambers' should  be  of  a hard,  durable  character 
and  impervious  to  moisture.  Cement  concrete  has  been 
extensively  used  for  large  sewers  in  towns,  and  it  is  an 
excellent  material,  but  requires  the  most  careful  supervision 
during  the  period  of  construction  to  obtain  reliable  work. 
For  sewers  up  to  moderate  dimensions,  cast  concrete  pipes 
are  now  frequently  used,  and,  if  care  be  taken  in  the  laying 
and  jointing,  they  will  give  satisfaction. 

Where  it  is  necessary  to  pump  the  sewage,  and  in 
schemes  where  the  purification  works  are  designed  to  only 
treat  the  sewage  during  the  day,  storage  capacity  of  some 
description  must  be  provided.  This  may  either  be  in  the 
form  of  storage  tanks,  or  a tank  sewer  of  the  necessary 
capacity.  In  most  cases  the  latter  is  the  better  method  of 
construction,  as  the  sewer  will  clear  itself  of  all  deposit  when 
the  sewage  is  pumped  out,  and,  in  the  majority  of  cases, 
storage  capacity  is  more  economically  provided  in  this 
manner. 
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In  designing  and  constructing  sewerS  great  care  must  be 
exercised  in  making  them  thoroughly  watertight,  not  only  to 
prevent  the  sewage  leaking  out  and  polluting  the  subsoil, 
but  also  to  keep  the  subsoil  water  from  finding  its  way  in. 
When  once  the  sewers  are  laid,  leakages  are  very  difficult 
to  stop,  and  they  cause  additional  expense  at  the  purification 
works  by  reason  of  the  increased  flow  that  has  to  be  dealt 
with.  The  authors  have  had  experience  in  a town  where, 
owing  to  lax  supervision  when  the  sewers  were  laid,  enormous 
quantities  of  subsoil  water  leaked  into  the  sewers,  which  at 
certain  periods  increased  the  normal  flow  of  sewage  by  ten 
times.  Under  their  advice  the  purification  plant  at  the 
outfall  works  was  considerably  increased  in  size.  Heavy 
expense  was  incurred  in  locating  the  leaks  in  the  sewers,  the 
method  adopted  being  to  float  a lighted  candle  down  the 
sewers  on  a plank  with  a cord  attached,  from  manhole  to 
manhole,  when  the  leaks  could  be  observed  and  the 
distances  measured  from  the  manhole.  In  the  summer 
time,  when  the  subsoil  water  was  low,  excavations  were  made 
at  all  points  where  the  leaks  had  been  observed,  and 
remedial  works  carried  out,  with  the  result  that  the 
quantity  of  subsoil  water  admitted  was  greatly  reduced.  In 
numerous  instances  it  was  found  that  the  leaks  were  caused 
by  junctions  left  for  house  connections,  these  being  impro- 
perly stopped  by  pieces  of  slate  roughly  cut  to  fit  the 
openings  and  merely  fixed  with  clay.  It  is  advisable,  in 
all  new  schemes,  where  the  subsoil  water  rises  at  any  time 
of  the  year  above  the  sewers,  to  dispense  with  junctions, 
in  order  to  avoid  any  such  risk  of  leakage.  When  it  is 
necessary  to  make  connections  with  a sewer  the  pipes  should 
be  pierced,  proper  saddle  pieces  being  fixed  on  them  in 
cement;  or  if  junctions  are  used,  those  with  the  stopper 
made  in  one  piece  of  stoneware  with  the  junction  should  be 
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adopted,  the  top  of  which  may  afterwards  be  removed  when 
connections  are  required. 

Frequently,  owing  to  the  configuration  of  the  ground,  it 
is  necessary  to  lay  some  of  the  main  outfall  or  intercepting 
sewers  at  great  depths,  and,  if  this  should  exceed  20  feet,  it 
will  generally  be  cheaper  to  tunnel  than  do  the  work  by 
cut  and  cover.  The  authors  have  been  engaged  on  tunnelling 
sewers  as  deep  as  200  feet  below  the  surface,  and,  provided 
the  ground  is  of  a suitable  nature  and  free  from  water,  there 
is  no  difficulty  in  driving  a heading  at  this  depth.  Tunnelling 
is  naturally  expensive  work,  and  should  only  be  carried  on 
under  the  most  rigorous  supervision,  especially  during  the 
construction  of  the  sewer  and  the  filling  in  of  the  excava- 
tion; any  laxity  in  this  respect  may  cause  the  sewer  to 
collapse  and  incur  costly  remedial  works. 

In  nearly  every  case  it  will  be  necessary  to  leave  the 
timber  framing  in  the  tunnel  headings,  and,  if  very  loose 
ground  is  encountered,  the  heading  should  be  filled  up  solid 
with  concrete  after  the  sewer  is  laid,  and,  where  the  streets 
are  narrow  and  high  buildings  adjoin  the  sewer  trenches,  or 
where  the  ground  is  loose  or  of  a treacherous  nature,  the 
struts,  waling,  and  poling  boards  should  be  left  in  the  ground 
permanently.  This  may  appear  a waste  of  money,  but  it  is 
better  than  risking  the  destruction  of  adjacent  property, 
which  might  fall  if  a settlement  of  the  ground  took  place. 

Wherever  the  sewers  are  laid,  either  in  trenches  or 
tunnels,  in  the  main  streets  or  through  land,  the  trenches 
must  be  kept  entirely  free  from  water,  if  necessary  by 
pumping,  during  the  time  that  the  pipes  are  being  laid  or 
the  brickwork  built,  and  until  the  cement  has  had  a 
sufficient  period  of  time  to  set  and  harden.  Sewers  cannot 
be  constructed  straight  in  line  and  gradient  when  laid  in 
water,  neither  can  the  joints  be  well  and  truly  made. 
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In  all  sewers  the  pipes  or  brickwork  should  be  tested  by 
completely  filling  them  with  water  after  the  joints  have 
set — and  before  covering  them  in — to  ascertain  if  every 
portion  of  the  work  has  been  soundly  constructed  and 
is  thoroughly  watertight.  Wherever  sewer  trenches  are 
crossed  by  gas  or  water  mains,  a brick  pier  should  be 
carried  up  from  the  solid  ground  to  support  them. 

At  all  changes  of  direction  and  gradient,  and  wherever 
two  sewers  join,  also  on  all  straight  lengths  at  intervals  of 
loo  yards,  manholes  should  be  built  of  a suitable  design. 
A cement  concrete  bed  should  form  the  foundation,  half 
pipe  inverts  being  embedded  therein,  and  benchings  of  blue 
Staffordshire  bricks  built  above  the  pipes  to  form  a place  for 
workmen  to  stand  upon  while  attending  to  the  sewers.  The 
walls  should  be  built  with  cement  mortar,  being  arched  over 
at  the  top  to  receive  the  covers,  which  should  be  of  a heavy 
pattern  and  paved  around  with  granite  setts  on  the  surface 
of  the  roadway.  Cast-iron  steps  should  be  built  in  one  of 
the  manhole  walls,  in  order  to  give  access  for  workmen  ; and 
it  is  advisable  to  build  in  a stoneware  flushing  ring  and 
provide  a movable  shutter  and  chain,  so  that  each 
manhole  can  be  used  as  a flushing  chamber,  by  heading  the 
sewage  up  in  the  sewer  and  manhole,  two  or  three  feet  high, 
and  then  liberating  it  by  pulling  out  the  shutter  by  means 
of  the  chain.  In  addition  to  this,  flushing  chambers  of 
from  600  to  1000  gallons  capacity  should  be  placed  at  the 
heads  of  sewers,  and  at  other  points  where  necessary,  in  order 
to  remove  any  matters  which  may  be  deposited  and  tend  to 
foul  the  sewers.  In  a scheme  recently  designed  by  the 
authors,  the  high  price  of  town’s  water  necessitated  some 
supplementary  means  of  flushing  being  adopted,  and  a 
special  flushing  chamber  was  designed  to  utilise  the  storm 
water.  The  apparatus  shown  in  Plate  i is  of  a simple 
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character,  designed  to  allow  the  chamber  to  fill  and  then 
discharge,  again  fill  and  remain  full  until  discharged  by  the 
sewerman,  so  that  during  a storm  the  sewers  would  be 
flushed  once,  the  flushing  chambers  automatically  retaining 
a second  charge,  to  be  used  at  a later  period.  It  has 
been  estimated  that  the  installing  of  such  an  apparatus 
reduced  the  cost  for  flushing  water  by  nearly  one-half. 

The  ventilation  of  the  sewers  is  a matter  which  requires 
very  careful  consideration.  The  air  inlets  and  outlets  must 
be  designed  and  situated  so  as  to  induce  currents  of  fresh 
air  to  travel  continually  through  every  portion  of  the  sewers, 
in  order  to  keep  the  whole  system  pure  and  prevent  the  for- 
mation of  injurious  gases.  At  the  same  time  it  is  not 
necessary  or  advisable  that  such  currents  should  be  in  any 
degree  violent  ; in  fact,  a gentle  current  constantly  flowing 
will  afford  far  more  effectual  ventilation  than  a violent 
draught  forced  through  the  sewer  at  intervals ; also  a 
violent  method  of  ventilation  is  liable  to  produce  momentary 
pressure  or  vacuum  at  various  points  of  the  system,  and  a 
very  small  increase  or  decrease  of  atmospheric  pressure  is 
sufficient  to  unseal  the  usual  pattern  of  waterseal,  permitting 
a “flow-back”  of  sewer  gas  into  dwelling-houses  or  other 
equally  undesirable  results.  It  is  also  necessary,  in  popu- 
lated areas,  to  provide  outlets  for  obnoxious  gases  in  such 
situations  as  shall  avoid  all  possibility  of  a nuisance  or  risk 
of  disease  being  caused  by  the  dissemination  of  bacteria. 
For  this  reason  “ open-grid”  manholes  should  be  avoided  in 
proximity  to  dwelling-houses,  though  they  may  sometimes 
be  used  to  advantage  in  country  districts,  provided  due 
precautions  are  taken  to  prevent  the  road  grit  from  entering 
the  sewer  in  any  large  quantities.  In  populated  areas  the 
outlets  should  be  carried  well  above  the  houses  and  any 
window's  therein,  and  so  placed  that,  whatever  the  direction 
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of  the  wind,  no  sewer  gas  can  be  carried  into  any  dwelling. 
It  is  impossible  to  give,  in  a condensed  form,  anything  like 
an  exhaustive  treatise  on  the  subject  of  ventilation.  Such 
information  would  be  sufficient  to  fill  a volume  far  too  large 
for  the  time  assumed  to  be  at  the  disposal  of  our  readers  : 
and,  moreover,  practically  every  system  of  sewerage  must  be 
treated  according  to  its  own  peculiarities,  in  order  to  obtain 
thorough  and  efficient  ventilation,  by  which  is  meant  a 
system  of  ventilation  that  will,  at  one  and  the  same  time, 
remove  all  obnoxious  and  injurious  gases  from  the  sewer, 
and  convey  them  away  in  such  a manner  as  to  avoid  any 
possibility  of  their  contact  with  human  beings. 

In  all  schemes  of  sewerage  some  means  must  be  provided 
for  diverting  the  storm  water  into  a water-course  when  it 
exceeds  six  times  the  normal  dry  weather  flow.  If  the  town 
is  built  on  the  banks  of  a river,  several  overflows  can  be 
obtained ; but,  in  many  instances,  the  whole  of  the  sewage 
and  storm  water  has  to  be  discharged  on  the  purification 
works  before  a suitable  position  for  a storm-water  overflow 
can  be  found.  Various  forms  of  storm-water  overflows 
may  be  designed  to  suit  the  particular  requirements, 
some  being  in  the  form  of  a leaping  weir,  others  by  the 
discharge  of  a pipe  of  known  capacity ; the  most  suitable 
form  to  adopt,  however,  being  largely  settled  by  local 
circumstances. 

When  the  sewers  and  the  disposal  works  are  completed, 
consideration  must  be  given  to  the  connection  of  the  private 
drains  ; and  before  any  owner  is  allowed  to  connect,  he 
should  be  compelled  to  deposit  an  accurate  plan  of  the  pro- 
posed drains,  and  obey  regulations  governing  the  method  of 
connection,  quality  of  materials,  gradients,  depths,  and  other 
things,  to  make  certain  that  the  work  is  done  in  a substantial 
and  workmanlike  manner.  An  able  inspector  should  also 
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be  appointed  to  supervise  the  work,  test  the  drains,  and  carry 
out  the  regulations. 

In  all  obnoxious  trades,  such  as  breweries,  tanneries, 
dyeworks,  fellmongers,  etc.,  the  liquid  wastes  of  which  would 
probably  interfere  with  the  purification  process  adopted,  the 
owners  should  be  compelled  to  put  down  purification  works 
for  treating  the  liquid  trade  waste,  before  permission  is 
granted  for  a connection  to  be  made  to  the  sewers.  Periodical 
examinations  should  be  made  by  some,  official  of  the  Board, 
to  see  that  these  plants  are  being  worked  in  a proper 
manner  and  a satisfactory  effluent  produced. 

Towns  built  on  the  sea  coast,  or  at  the  mouth  of  tidal 
rivers,  may  sometimes  dispose  of  their  sewage  by  discharging 
it,  without  treatment,  into  the  sea.  Before  doing  this,  it 
must  be  ascertained  that  it  will  not  interfere  with  any  fishery 
or  oyster  storage  ponds.  The  designing  of  a sea  outfall 
requires  a complete  knowledge  of  the  tidal  currents  and  rise 
and  fall  of  the  water  during  neap  and  spring  tides.  Diagrams 
should  be  made  showing  the  heights  of  high  and  low  water 
mark  at  spring,  neap,  and  ordinary  tides ; float  experi- 
ments being  carried  out  to  ascertain  the  direction  of  the 
flow  of  sewage  if  discharged  into  the  sea  at  the  proposed 
outfall.  If  a place  of  discharge  cannot  be  obtained  where 
the  sewage  is  carried  directly  out  to  sea,  but  would  be 
washed  back  upon  the  coast,  it  will  be  necessary  to  provide 
some  works  for  its  purification. 

In  some  towns  the  septic  tank  has  been  adopted ; but  it 
is  scarcely  suitable  for  the  purpose,  the  effluent  being  highly 
objectionable,  and  considerable  quantities  of  sludge  are  pro- 
duced which  necessitate  its  removal  at  stated  periods ; both 
of  these  points,  in  a pleasure  resort,  being  evils  that  should 
be  avoided.  A far  better  plan  is  to  treat  the  effluent  in 
aerobic  slate  beds,  these  producing  an  inodorous  effluent 
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and  obviating  the  sludge  difficulty.  In  all  sea  outfall 
schemes,  storage  tanks  or  sewers  must  be  provided  to  hold 
up  the  sewage  until  the  proper  time  arrives  for  it  to  be  dis- 
charged, which  must  only  be  on  the  ebb  tide,  so  as  to  carry 
the  sewage  straight  out  to  sea  with  no  possibility  of  return. 

In  laying  out  a scheme  of  sewerage,  a site  to  which  the 
sewage  can  be  conveyed  by  gravitation  will  generally  be 
the  most  economical  in  capital  cost ; modern  methods  of 
sewage  disposal,  however,  require  a considerable  fall,  so  that 
pumping  is  inevitable  in  many  places.  In  some  instances 
inverted  syphons,  judiciously  designed,  have  enabled  the 
sewerage  to  be  successfully  accomplished  without  pumping. 
These  carry  the  sewage  through  low-lying  land  to  the  outfall 
site,  where  it  rises  to  the  requisite  height  in  a manhole, 
from  whence  it  may  be  carried  forward  to  the  purification 
plant.  If  this  form  of  syphon  be  adopted  it  should  have 
ample  means  provided  for  flushing  out  any  deposit  that'  may 
accumulate,  and  the  gradient  should  be  sufficient  to  scour  it 
out  in  an  efficient  manner. 

In  some  cases  economical  considerations  of  capital 
expenditure  make  it  advisable,  and  in  other  cases  local 
circumstances  necessitate  that  the  sewage  be  pumped,  and 
this  can  be  effected  in  a variety  of  ways.  A main  inter- 
cepting sewer  may  be  carried  from  the  town  to  the  outfall 
works,  and  at  that  point  the  sewage  lifted  by  suitable  pumps 
driven  by  gas  engines  with  suction  gas  plant,  or  town’s  gas, 
or  by  oil  engines,  or  steam-driven  plant.  Plate  2 shows  a 
suction  gas  plant,  recently  designed  by  the  authors,  adapted 
to  pump  the  sewage  of  a small  town,  which  is  found  very 
convenient  in  work,  the  charges  for  fuel  and  upkeep  being 
exceedingly  low.  If  the  town  to  be  sewered  is  already 
provided  with  electrical  power,  motor-driven  pumps  can  be 
cheaply  installed  and  worked  at  very  little  cost.  Plate  3 
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shows  an  installation  at  Chichester  sewage  works,  of 
motor-driven  pumps,  of  varying  dimensions,  in  order  that 
the  fluctuations  in  the  flow  of  sewage  may  be  conveniently 
dealt  with  ; the  efficiency  of  this  plant  on  trial  was  sixty 
per  cent.  In  some  towns,  owing  to  the  contour  of  the 
land  and  the  large  area  to  be  dealt  with,  or  to  the  sewage 
flowing  into  different  water-sheds,  it  may  be  found  necessary 
to  pump  the  sewage  at  several  points,  electrically  driven 
pumps  being  useful  under  these  circumstances  as  they  are 
economical  to  install,  efficient  in  work,  and  have  a low 
working  cost.  In  combination  with  this  a destructor  for 
disposing  of  the  house  refuse  of  the  district  can  be  ad- 
vantageously employed.  Boilers  and  steam-driven  electrical 
generating  plant  would  be  erected,  the  electrical  energy 
produced  being  distributed  through  underground  cables  to 
various  pumping  stations  in  the  town,  where  motor-driven 
pumps  would  be  installed.  These  can  be  made  to  work 
almost  automatically,  requiring  only  the  occasional  visit  of 
an  attendant,  to  oil  the  bearings  and  adjust  and  clean  the 
machines.  A population  of  one  thousand  people  would 
produce,  on  the  average,  about  three-quarters  of  a ton  of 
house  refuse  per  day,  this  being  sufficient  to  generate  a 
quantity  of  steam,  which,  if  utilised  in  a high-class  com- 
pound engine,  would  give  energy  enough  to  produce  some 
18  to  20  liorse-power  for  several  hours  each  working  day. 
If  the  sewage  can  be  conveyed  to  the  disposal  works,  and 
be  there  pumped,  the  heat  from  the  destructor  can  be  ' 
utilised  to  drive  direct  acting  steam  pumps.  In  each 
of  the  above  cases  some  return  would  be  made  for  the  cost 
of  destroying  the  refuse,  which  would  otherwise  be  an 
additional  burden  on  the  town. 

Another  method  of  lifting  the  sewage  from  various  points 
is  by  means  of  compressed  air  ejectors.  An  air  compressing 
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station  being  erected  on  the  sewage  works,  or  at  some  other 
convenient  position  in  the  town,  air  mains  would  be  laid 
from  this  to  the  different  pumping  points,  at  each  of  which 
an  air  ejector  would  be  erected ; and,  so  long  as  the  air  supply 
is  maintained,  the  sewage  will  be  lifted  automatically  into 
the  high  level  sewer.  This  method  of  working  has  been 
laid  down  in  many  towns,  and  acts  exceedingly  well  in 
practice ; it  is,  however,  costly  to  erect,  and  the  low 
efficiency  makes  the  working  costs  appear  excessive. 


II 

POWERS  AND  DUTIES  IMPOSED  ON 
LOCAL  AUTHORITIES  BY  THE  LEGIS- 
LATURE 


Various  acts  of  parliament  have  given  Local  Authorities 
considerable  power  to  deal  with  the  sewerage  of  towns  and 
villages,  and  it  may  be  said  that,  for  all  practical  purposes, 
the  general  law  relating  to  sewage  disposal  in  England  and 
Wales  is  to  be  found  in  the  Public  Health  Act,  1875,  supple- 
mented by  the  Public  Health  Acts  Amendment  Act,  1890, 
the  various  Acts  relating  solely  to  the  Metropolis  and  the 
Rivers  Pollution  Preventions  Acts. 

Sewage  works  may  be  constructed  either  within  or  ivithout 
the  district  of  a local  authority.  As  regards  sewage  works 
within  the  district,  all  the  existing  public  sewers  are  vested 
in  the  local  authority,  which  is  given  power  to  construct 
sewers  on  public  highways  or  private  lands,  to  compulsorily 
purchase  land  and  erect  works  either  for  the  treatment  of 
sewage  by  natural  or  artificial  means. 

Section  32  of  the  Public  Health  Act,  1875,  gives  the 
local  authority  power  to  construct  sewers  or  sewage  disposal 
works  without  their  district,  and  prescribes  the  mode  of 
procedure : — 

“ A local  authority  shall,  three  months  at  least  before  Notice  to 

commencing  the  construction  or  extension  of  any  construct 

•'  disposal 
21 


22 


Modern  Methods  of  Sewage  Disposal 


works 
without 
the  district. 


Objectors 
to  disposal 
works 
without 
thedistrict. 


Local 

Govern- 

ment 


sewer  or  other  work  for  sewage  purposes  without 
their  district,  give  notice  of  the  intended  work  by 
advertisement  in  one  or  more  of  the  local  news- 
papers circulated  within  the  district  where  the 
work  is  to  be  made.” 

“ Such  notice  shall  describe  the  nature  of  the  intended 
work,  and  shall  state  the  intended  termini  thereof, 
and  the  names  of  the  parishes,  and  the  turnpike 
roads  and  streets,  and  other  lands  (if  any)  through, 
across,  under  or  on  which  the  work  is  to  be  made, 
and  shall  name  a place  where  a plan  of  the  intended 
work  is  open  for  inspection  at  all  reasonable  hours  ; 
and  a copy  of  such  notice  shall  be  served  on  the 
owners  or  reputed  owners,  lessees  or  reputed  lessees, 
and  occupiers  of  the  said  lands,  and  on  the  over- 
seers of  such  parishes,  and  on  the  trustees, 
surveyors  of  highways,  or  other  persons  having  the 
care  of  such  roads  or  streets.” 

By  section  33  of  the  Public  Health  Act,  1875  : — 

“If  any  such  owner,  lessee,  or  occupier,  or  any  such 
overseer,  trustee,  surveyor,  or  other  person  as 
aforesaid,  or  any  other  owner,  lessee,  or  occupier 
who  would  be  affected  by  the  intended  work,  objects 
to  such  zuorh,  and  serves  notice  in  writing  of  such 
objection  on  the  local  authority  at  any  time  within 
the  said  three  months,  the  intended  work  shall  not 
be  commenced  without  the  sanction  of  the  Local 
Government  Board  after  such  inquiry  as  hereinafter 
mentioned,  unless  such  objection  is  withdrawn.” 
Section  34  of  the  same  Act  provides  for  such  objections, 
and  states  that : — 

“ The  Local  Government  Board  may,  on  application 
of  the  local  authority,  appoint  an  inspector  to 
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make  inquiry  on  the  spot  into  the  propriety  of  the 
intended  work  and  into  the  objections  thereto, 
and  to  report  to  the  Local  Government  Board 
on  the  matters  with  respect  to  which  such  inquiry 
was  directed,  and  on  receiving  the  report  of  such 
inspector,  the  Local  Government  Board  may  make 
an  order  disallowing  or  allowing,  with  such  modi- 
fications (if  any)  as  they  may  deem  necessary,  the 
intended  work.” 

Section  299  of  the  Public  Health  Act,  1875,  gives  power 
to  the  Local  Government  Board  to  enforce  performance  of 
duty  by  defaulting  Local  Authorities,  as  follows  : — 

“ Where  complaint  is  made  to  the  Local  Government 
Board  that  a local  authority  has  made  default  in 
providing  their  district  with  sufficient  sewers,  or 
in  the  maintenance  of  existing  sewers,  or  in  pro- 
viding their  district  with  a supply  of  water,  in  cases 
where  danger  arises  to  the  health  of  the  inhabitants 
from  the  insufficiency  or  unwholesomeness  of  the 
existing  supply  of  water  and  a proper  supply  can 
be  got  at  a reasonable  cost,  or  that  a local  authority 
has  made  default  in  enforcing  any  provisions  of 
this  Act  which  it  is  their  duty  to  enforce,  the 
Local  Government  Board,  if  satisfied,  after  due 
inquiry,  that  the  authority  has  been  guilty  of  the 
alleged  default,  shall  make  an  order  limiting  a 
time  for  the  performance  of  their  duty  in  the 
matter  of  such  complaint.  If  such  duty  is  not 
performed  by  the  time  limited  in  the  order,  such 
order  may  be  enforced  by  writ  of  mandamus,  or 
the  Local  Government  Board  may  appoint  some 
person  to  perform  such  duty,  and  shall  by  order 
direct  that  the  expenses  of  performing  the  same. 
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together  with  a reasonable  remuneration  to  the 
person  appointed  for  superintending  such  perform- 
ance, and  amounting  to  a sum  specified  in  the 
order,  together  with  the  costs  of  the  proceedings, 
shall  be  paid  by  the  authority  in  default ; and  any 
order  made  for  the  payment  of  such  expenses  and 
costs  may  be  removed  into  the  Court  of  Queen’s 
Bench,  and  be  enforced  in  the  same  manner  as  if 
the  same  were  an  order  of  such  Court.” 

“ Any  person  appointed  under  this  section  to  perform 
the  duty  of  a defaulting  local  authority  shall,  in 
the  performance  and  for  the  purposes  of  such  duty, 
be  invested  with  all  the  powers  of  such  authority 
other  than  (save  as  hereinafter  provided)  the 
powers  of  levying  rates;  and  the  J.ocal  Govern- 
ment Board  may  from  time  to  time  by  order 
change  any  person  so  appointed.” 

Section  300  of  the  same  Act  gives  further  provision  for 
the  recovery  of  expenses,  and  under  certain  conditions 

“.  . . . the  Local  Government  Board  may 

empower  any  person  to  levy,  by  and 

out  of  the  local  rate,  such  sum as  may, 

in  the  opinion  of  the  Local  Government  Board, 

be  sufficient  to  defray  the  debt ” 

Sections  15  and  16  of  the  Public  Health  Act,  1875, 
provide  for  the  maintenance  and  making  of  sewers,  and,  as 
they  have  an  important  bearing  on  the  matter,  are  given  in 
full 

15.  “Every  local  authority  shall  keep  in  repair  all 
sewers  belonging  to  them,  and  shall  cause  to  be 
made  such  sewers  as  may  be  necessary  for 
effectually  draining  their  district  for  the  purposes 
of  this  Act.” 
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16.  “Any  local  authority  may  carry  any  sewer  Powers  for 
through,  across,  or  under  any  turnpike  road,  or 
any  street  or  place  laid  out  as  or  intended  for  a 
street,  or  under  any  cellar  or  vault  which  may  be 
under  the  pavement  or  carriageway  of  any  street, 
and,  after  giving  reasonable  notice  in  writing  to  the 
owner  or  occupier  (if  on  the  report  of  the  surveyor 
it  appears  necessary),  into,  through  or  under  any 
lands  whatsoever  within  their  district.” 

“They  may  also  (subject  to  the  provisions  of  this  Act 
relating  to  sewage  works  iviihoiit  the  district  of 
the  local  authority),  exercise  all  or  any  of  the 
powers  given  by  this  section  without  their  district 
for  the  purpose  of  outfall  or  distribution  of 
sewage.” 

Section  17  of  the  Public  Health  Act,  1875,  provides  for 
the  purification  of  sewage  before  being  discharged  into 
streams,  as  follows  : — 

“ Nothing  in  this  Act  shall  authorise  any  local  Sewage  to 

authority  to  make  or  use  any  sewer,  drain,  or  out- 

fall,  for  the  purpose  of  conveying  sewage  or  filthy  being  dis- 

water  into  any  natural  stream  or  watercourse,  or  charged 

into 

into  any  canal,  pond,  or  lake,  until  such  sewage  streams, 
or  filthy  water  is  freed  from  all  excrementitious  or 
other  foul  or  noxious  matter  such  as  would  affect  or 
deteriorate  the  purity  and  quality  of  the  water  in 
such  stream  or  watercourse,  or  in  such  canal, 
pond,  or  lake.” 

Section  28  of  the  Public  Health  Act,  1875,  gives  power 
to  an  authority  to  agree  for  communication  of  sewers  with 
the  sewers  of  an  adjoining  district,  as  follows  : — 

“ The  local  authority  of  any  district  may,  by  agreement  Power  to 
with  the  local  authority  of  any  adjoining  district, 
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and  with  the  sanction  of  the  Local  Government 
Board,  cause  their  sewers  to  communicate  with 
the  sewers  of  such  last-mentioned  authority,  in 
such  manner  and  on  such  terms  and  subject  to 
such  conditions  as  may  be  agreed  on  between  the 
local  authorities,  or,  in  case  of  dispute,  may  be 
settled  by  the  Local  Government  Board  ; Provided 
that  so  far  as  practicable  storm  waters  shall  be 
prevented  from  flowing  from  the  sewers  of  the 
first-mentioned  authority  into  the  sewers  of  the 
last-mentioned  authority,  and  that  the  sewage  of 
other  districts  or  places  shall  not  be  permitted  by 
the  first-mentioned  authority  to  pass  into  their 
sewers  so  as  to  be  discharged  into  the  sewers  of 
the  last-mentioned  authority  without  the  consent 
of  such  last-mentioned  authority.” 

The  Rivers  Pollution  Prevention  Act,  1876,  is  divided 
into  six  parts.  Part  I.  makes  it  an  offence  for  any  person 
to  put  any  solid  matter,  or  any  putrid  solid  matter,  rubbish, 
or  cinders,  into  any  water-course.  Part  II.  prevents  any 
person  from  allowing  any  solid  or  liquid  sewage  matter  to 
enter  a water-course.  Part  III.  prohibits  the  draining  into 
water-courses  of  any  waste  matters  from  any  manufactories 
or  mines,  the  owners  of  which  must  show  to  the  court 
that  they  are  using  the  best  reasonably  available  means  to 
render  harmless  the  waste  liquids  flowing  into  the  water- 
courses. Part  IV.  deals  with  the  administration  of  the  law, 
and  provides  that  sanitary  authorities  shall  afford  facilities 
to  enable  factories  to  drain  into  sewers.  The  sanitary 
authorities  are  given  power  to  enforce  the  provisions  of  this 
act  in  respect  of  any  stream  passing  in  or  through  their 
district.  The  maximum  penalty  prescribed  for  causing  an 
offence  under  this  act  is  not  to  exceed  fifty  pounds  per  day 
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for  every  day  that  the  offence  continues.  Parts  V.  and  VI. 
apply  to  Scotland  and  Ireland  only. 

In  the  Local  Government  .A.ct,  1888,  the  County  Councils,  Powers  of 
in  section  14,  are  given  power  to  enforce  the  provisions 
the  Rivers  Pollution  Prevention  Act,  1876. 

The  Public  Health  .Acts  Amendment  Act,  1890,  is  an  Chemical 
adoptive  Act  only.  It  deserves  mention,  as  it  prohibits  the 
discharge  into  sewers  of  chemical  refuse,  waste  steam,  etc. 

The  Rivers  Pollution  Prevention  Act,  1893,  makes  it  Pollution 

quite  clear  that  the  offence  of  permitting  sewage  to  pass  into 

a stream  could  be  established  against  a sanitary  authority,  con- 

even  though  the  sewers  vested  in  the  authority  had  been  stmcted 
° ^ prior  to 

constructed  before  the  passing  of  the  Public  Health  Act,  Act. 

1875- 

By  a series  of  Acts  the  various  authorities  of  the  city  and  City  and 
county  of  London  are  vested  with  special  provisions  for  ^ondcf 
dealing  with  the  sewerage  of  this  area. 

In  the  event  of  complaint  being  made  to  the  Local 
Government  Board  as  to  a town  being  in  default  in  respect 
to  the  sewering,  the  Board  may  take  measures  to  compel  the 
defaulting  authority  to  sewer  the  town  and  dispose  of  the 
sewage  in  a satisfactory  manner.  The  requirements  of  the 
Local  Government  Board  in  respect  to  the  sewerage  and 
sewage  disposal  are  not  officially  published,  and  it  is  only 
by  constantly  noting  the  results  of  inquiries,  and  submitting 
schemes  for  their  approval,  that  works  can  be  designed 
which  will  meet  with  their  sanction. 

Where  authorities  have  provided  sewage  disposal  works, 
and  a nuisance  has  been  caused  to  some  neighbouring 
property  owner  or  resident,  they  run  the  risk  of  costly  law 
proceedings  and  of  losing  enormous  sums  of  money  in  the 
payment  of  legal  expenses.  Almost  invariably  the  decision 
of  the  courts  has  been  against  the  authority,  excepting  in 
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such  cases  where  the  works  have  been  proved  to  be  of  the 
most  up-to-date  character.  Considering  these  circumstances, 
local  authorities  would  be  well  advised,  when  complaint  of 
a nuisance  is  brought  against  them,  to  endeavour  by  every 
means  in  their  power  to  come  to  an  amicable  settlement, 
and  even  to  offer  to  reconstruct  the  works  on  the  most 
scientific  methods.  In  one  case  known  to  the  authors 
nearly  0,000  was  spent  on  a lawsuit  which  the  local 
authority  lost,  and  they  were  afterwards  engaged  to  re-model 
the  works  at  a further  cost  of  ^12,500,  the  alterations  being 
so  successful  that  the  plaintiff  afterwards  voluntarily  expressed 
his  approval  of  the  alterations  and  complete  satisfaction  with 
the  results.  Had  the  authority  met  the  complainant  in  a 
friendly  manner,  no  lawsuit  would  have  taken  place,  and  the 
authority  would  have  saved  themselves  the  cost  of  litigation. 


Ill 

SEWAGE  PURIFICATION 

The  various  Acts  of  Parliament  make  it  obligatory  upon  all 
local  authorities,  when  laying  down  sewerage  schemes,  to 
purify  the  whole  of  the  sewage  before  discharging  it  into  any 
water-course.  In  sea  outfalls,  if  the  set  of  the  tidal  current 
will  carry  the  sewage  out  to  sea,  without  causing  a nuisance 
to  any  person,  or  injury  to  any  fishing  rights,  it  may  be 
discharged  without  treatment ; but  the  authors’  experience  is 
that,  in  many  towns  on  the  sea-coast  it  is  better  to  subject 
the  sewage  to  some  preliminary  method  of  treatment  in  order 
to  remove  the  grosser  solids,  excreta,  paper,  and  other  sub- 
stances that  are  liable  to  cause  a nuisance  if  washed  ashore. 
The  consensus  of  opinion  in  all  communities  at  the  present 
day  demands  a high  sanitary  condition,  and  it  would  be  use- 
less laying  down  any  sewage  purification  plant  which  was  not 
of  the  most  perfect  kind. 

Tracing  back  the  history  of  the  disposal  of  sewage  other 
than  by  discharging  into  the  sea  or  a water-course,  we  find 
that  land  was  at  first  the  only  means  available  for  purifica- 
tion, and,  though  the  facts  were  not  known  at  that  date, 
this  process  was  no  other  than  biological  treatment  in  a 
crude  form.  Chemical  knowledge  afterwards  devised  many 
different  processes  for  producing  a clarified  effluent ; but, 
however  successful  the  works — purifying  sewage  solely  by 
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chemical  means — were  managed,  a really  satisfactory  effluent 
could  not  be  produced ; the  defects  of  this  system  of  treat- 
ment being  that  the  effluent  is  liable  to  secondary  decom- 
position, a condition  which  can  only  be  removed  by 
filtration  or  oxidation  on  land.  To  supplement  the 
chemical  treatment,  many  forms  of  filters  were  used,  but 
none  achieved  any  very  remarkable  degree  of  success. 

During  recent  years  the  study  of  biology  and  bacteriology 
has  so  much  advanced  that  the  whole  process  of  purification 
of  organic  matters  on  land  can  be  explained  ; and,  further- 
more, artificial  beds  can  be  constructed  which  will  propagate 
the  various  forms  of  biological  life  necessary  to  produce  the 
chemical  changes  required  to  convert  an  organically  polluted 
water  into  a pure  one. 

The  micro-organisms  are  generally  classified  into  the 
“anaerobes,”  which  thrive  best  in  the  absence  of  light  and 
air,  and  the  “ aerobes,”  which  thrive  best  with  a plentiful 
supply  of  oxygen  and  light.  Under  perfect  conditions  it 
has  been  estimated  by  Cohn,  “ that  at  the  end  of  twenty- 
four  hours  the  microbes  from  a single  individual  would 
occupy  one-fortieth  of  a hollow  cube,  with  edges  one- 
twenty-fifth  of  an  inch  long ; but  at  the  end  of  the  follow- 
ing day  they  would  fill  a space  of  twenty-seven  cubic 
inches,  and  in  less  than  five  days  their  volume  would  be 
equal  to  an  entire  ocean.”  This  authority,  of  course,  assumes 
that  there  would  be  nothing  antagonistic  to  their  growth, 
such  a result  not  being  possible  under  ordinary  conditions; 
this  statement,  however,  gives  some  idea  of  the  prolific 
growth  of  the  bacteria ; and,  as  a practical  illustration,  the 
fermentation  of  yeast — which  is  caused  by  a micro-organic 
growth — will  give  some  idea  of  the  productiveness  of  the 
organisms  under  favourable  circumstances.  In  artificial 
purification  works,  this  prolific  bacterial  growth  is  fostered 
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in  order  to  bring  about  the  changes  in  the  organic  matters 
present  in  sewage.  An  ordinary  contact  bed  is  so  arranged 
that  when  it  is  filled  the  organic  matters  in  the  sewage 
find  a resting-place  on  the  surfaces  and  interstices,  and, 
after  this  has  occurred,  the  water  is  run  off.  Air  then 
finds  admittance  into  the  bed,  with  the  result  that  the 
bacteria  commence  to  multiply,  and,  in  order  to  maintain 
their  existence,  feed  on  the  organic  matters,  converting  them 
into  gases,  inert  substances,  and  dissolved  residues.  The 
foundations  of  the  most  modern  methods  of  purifying 
sewage  are  entirely  based  on  the  productiveness  of  bacteria 
and  biological  life,  and  the  works  are  so  arranged  that  the 
growth  of  the  micro-organisms  is  developed  under  the  most 
favourable  circumstances. 


IV 

LAND  TREATMENT  OF  SEWAGE 

Purification  of  sewage  can  be  effectually  carried  out  on 
suitable  land,  which  should  be  of  a light  loamy,  or  sandy 
nature,  with  a sufficient  thickness  of  top  soil.  It  should  be 
well  underdrained,  and  the  surface  laid  out  so  that  the  whole 
area  can  be  evenly  covered  with  a thin  film  of  sewage.  If 
clay  land  is  used,  the  underdrainage  should  be  omitted,  as 
during  the  summer  time  this  cracks  and  allows  the  sewage 
to  pass  into  the  underdrains  without  filtering  through  the 
soil.  Land  treatment,  however,  requires  a considerable 
amount  of  care  in  working,  and  the  ordinary  sewage  farm 
manager  is  too  apt  to  think  more  about  growing  crops  than 
the  purification  of  sewage,  though  there  can  be  no  question 
that,  from  land  of  good  quality,  an  effluent  of  a high  degree 
of  purity  can  be  obtained.  Clay,  peat,  and  boggy  land  are 
quite  unsuitable  ; and  if  this  only  is  available,  some  method 
of  artificially  purifying  the  sewage  must  be  resorted  to. 
Before  applying  the  sewage  to  land,  it  is  necessary  that  the 
floating  particles  should  be  screened  out,  and,  in  addition, 
the  heavier  suspended  solids  should  be  settled  in  a detritus 
chamber,  as  these  substances,  if  continually  placed  upon  the 
surface  of  the  soil,  tend  to  clog  up  the  pores,  making  it 
difficult  for  the  liquid  to  percolate.  In  some  places  a 
modification  of  land  treatment  may  be  resorted  to,  and  the 
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crude  sewage  given  a preliminary  treatment,  either  in  tanks 
or  in  aerobic  slate  beds,  the  latter  method  being  the  most 
effectual,  as  it  disposes  of  the  sludge  difficulty,  and  the 
effluent  is  in  a better  condition  for  receiving  oxidation  on 
land. 

When  land  is  used  as  a filtratioi  area — the  sewage  being 
of  medium  strength,  and  receiving  a preliminary  treatment, 
either  by  being  mechanically  settled  in  tanks,  or  purified  in 
aerobic  slate  beds  before  passing  on  to  the  land — the 
amount  of  sewage  that  can  be  purified  on  the  most  suitable 
kinds  of  soil,  viz.,  light  sandy  loam  overlying  gravel  and 
sand,  should  not  exceed  20,000  gallons  per  acre,  and  there 
should  be  a further  surplus  area  of  at  least  25  per  cent.  On 
soils  not  so  suitable,  the  volume  of  sewage  per  acre  should 
not  exceed  10,000  gallons,  with  a surplus  area  as  before. 

Where  land  is  used  for  surface  irrigation — the  sewage 
being  of  medium  strength,  and  receiving  a preliminary  treat- 
ment, either  by  being  mechanically  settled  in  tanks,  or 
purified  in  aerobic  slate  beds,  before  passing  on  to  the  land — 
the  amount  of  sewage  that  can  be  purified  on  the  most  suit- 
able kinds  of  soil,  viz.,  such  as  loam  overlying  gravel,  should 
not  exceed  4500  gallons  per  acre.  On  soils  not  so  well 
suited  2000  gallons  per  acre ; and  on  unsuitable  soils  1000 
gallons  per  acre  ; a surplus  area  of  from  25  to  30  per  cent, 
in  all  cases  being  required. 
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V 

ARTIFICIAL  PRIMARY  TREATMENT  OF 

SEWAGE 

The  difficulty  in  obtaining  suitable  land  of  adequate  area 
for  purifying  the  sewage  of  towns,  and  the  complete  failure 
of  sewage  disposal  plants  based  entirely  on  chemical  pre- 
cipitation for  producing  an  effluent,  has  mainly  led  to  the 
development  and  perfection  of  artificial  methods  of  purifi- 
cation. 

The  complex  nature  and  different  varieties  of  sewage 
found  in  the  various  towns  and  villages  make  it  necessary 
that  each  place  should  be  considered  separately.  If  ordinary 
domestic  sewage  only  is  required  to  be  treated,  the  problem 
of  purification  is  easily  solved;  but  in  many  towns  liquid 
trade  refuses,  such  as  brewery,  tannery,  fellmongers,  dye- 
works,  and  other  manufacturing  wastes,  introduce  complica- 
tions, and  it  requires  considerable  experience  in  dealing  with 
such  substances  to  design  a plant  that  shall  produce  a 
satisfactory  effluent  with  a certainty  of  success. 

In  one  town  where  the  authors  were  called  upon  to 
advise  the  authority,  the  disposal  works  had  to  deal  with 
3,000,000  gallons  of  sewage  per  day,  of  which  amount  a 
large  quantity  consisted  of  refuse  from  breweries,  tanneries, 
dye-works,  and  fellmongers.  By  carefully  designing  the 
works  to  deal  with  these  conditions  an  effluent  of  a remark- 
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able  degree  of  purity  was  obtained,  and  no  nuisance  or 
smell  whatever  was  produced  on  the  works. 

In  artificial  purification  plants  it  is  usually  necessary  to 
divide  the  operations  into  different  stages,  the  preliminary 
treatment  being  for  the  purpose  of  taking  out  the  suspended 
solids  and  fitting  the  effluent  for  further  oxidation  in  the 
biological  beds.  It  is  advisable,  in  some  cases,  to  again 
subdivide  the  secondary  treatment,  and  either  pass  the 
effluent  over  land  or  through  secondary  biological  beds. 

There  are  several  methods  of  artificially  treating  sewage 
primarily:  (i)  By  chemical  precipitation;  (2)  by  sedimenta- 
tion ; (3)  by  septic  or  anaerobic  tanks;  and  (4)  aerobically 
in  biological  beds.  When  the  sewage  first  enters  upon  the 
works  it  is  advisable  to  roughly  screen  out  the  grosser 
particles;  after  this  it  should  be  passed  through  detritus 
tanks  to  deprive  it  of  the  road  grit,  ashes,  coal  dust,  and 
heavier  suspended  solids,  all  of  which  would  be  liable,  if  not 
removed,  to  interfere  with  the  later  portions  of  the  process 
of  purification. 

(i)  Chemical  Precipitation.  — In  this  method  of 
primary  treatment,  it  is  necessary  to  construct  tanks  having 
a capacity  of  one  day’s  flow  of  sewage.  Before  being 
admitted  to  the  tanks  the  sewage  receives  a dose  of  chemicals, 
the  particular  precipitants  mostly  used  at  the  present  time 
being  alumina-ferric,  various  iron  compounds,  and  lime  ; all 
these  have  much  the  same  effect,  coagulating  the  suspended 
solids,  and  causing  them  to  subside  to  the  bottom  of  the 
tanks.  The  amount  of  purification,  based  on  the  reduction 
of  the  albuminoid  ammonia,  will  vary  from  about  50  to  80  per 
cent.,  including  the  matters  in  suspension,  which,  however, 
settle  mechanically,  depending  on  the  strength  of  the 
sewage  and  amount  of  chemicals  u.sed.  The  great  objection 
to  chemical  treatment  is  the  amount  of  sludge  produced. 
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which  is  about  thirty  tons  per  million  gallons  of  sewage 
treated ; it  necessitates,  in  large  works,  sludge  pressing 
machinery,  and  in  small  works  plots  of  land  specially  laid 
out  for  its  disposal.  Moreover,  there  is  always  a difficulty 
in  getting  rid  of  the  dried  sludge ; and  during  harvest  and 
other  times,  when  farmers  are  busy,  large  accumulations 
take  place  at  the  disposal  works,  causing  a considerable 
nuisance.  From  a sanitary  point  of  view,  the  spreading 
of  the  micro-organisms  contained  in  the  sludge  over  large 
areas  of  land  in  the  vicinity  of  towns,  is  a danger  to  health, 
and  should  not  be  allowed  if  other  means  of  disposal  are 
available. 

In  some  towns  it  has  been  necessary  to  adopt  chemical 
precipitation  as  a preliminary  treatment,  on  account  of  the 
complicated  character  of  the  sewage,  the  peculiar  trade 
v/astes  in  these  instances  not  being  amenable  to  preliminary 
anaerobic  or  aerobic  treatment. 

(2)  Sedimentation. — In  this  form  of  treatment  the 
sewage  is  passed  through  tanks  having  a capacity  of  one 
day’s  normal  flow,  the  only  purification  effected  being  that 
caused  by  the  mechanical  deposition  of  the  suspended  solids, 
which,  owing  to  their  heavier  specific  gravity,  subside  to  the 
bottom  of  the  tank  when  the  sewage  is  brought  into  a state 
of  quiescence.  According  to  some  authorities  the  effluent 
from  a sedimented  sewage  is  in  a better  condition  for  final 
treatment  than  is  that  from  a chemical  process  or  from 
septic  tanks.  The  amount  of  sludge  produced  by  sedimenta- 
tion is  about  20  per  cent,  less  than  by  chemical  precipitation, 
so  that  with  this  process  there  is  still  a very  considerable 
amount  of  sludge  to  dispose  of,  and  the  remarks  made 
respecting  this  under  the  first  heading  will  also  apply  in  this 
case.  Plate  4 shows  the  tanks,  designed  some  years  ago 
by  the  authors,  in  course  of  construction  at  the  city  of 


Plate  4.— Tanks  at  Chichester  Sewage  Works,  in  course  of  construction. 
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Chichester  Sewage  Disposal  Works,  and  Plate  5 a view  of 
the  same  when  completed. 

(3)  Septic  or  Anaerobic  Treatment— This  method 
of  treatment  has  not  altogether  come  up  to  the  expectations 
of  its  enthusiastic  advocates.  When  first  the  system  was 
introduced,  it  was  claimed  that  the  action  of  the  anaerobic 
bacteria  would  liquify  the  whole  of  the  sludge.  As  time 
went  on  this  was  found  to  be  incorrect,  and  now  careful 
measurements  reveal  that  only  about  30  per  cent,  of  the 
organic  matters  are  liquefied ; a further  35  per  cent,  being 
deposited  in  the  lank  require  to  be  dealt  with  as  sludge, 
while  the  remaining  35  per  cent,  are  carried  away  in  the 
effluent  and  pass  on  to  the  filters,  tending  to  choke  them  up. 
It  must  be  apparent  that  an  effluent  containing  such  a large 
amount  of  suspended  solids — 50  per  cent,  of  which  is  inert 
matter — cannot  be  day  by  day  placed  upon  filters  without 
clogging  up  the  pores  and  rendering  the  percolation  of  the 
liquid  into  the  bed  difficult. 

In  some  experiments  recently  made  by  Mr  Joshua  Bolton, 
manager  of  the  Hey  wood  Corporation  Sewage  Works,  to 
compare  the  results  of  a chemically  precipitated  effluent  with 
that  of  an  effluent  from  a septic  tank,  it  was  found  that  on 
the  four  hours’  oxygen  test  the  chemically  precipitated  effluent 
was  44  per  cent,  better  than  that  of  the  septic  tank,  and  the 
difference  in  the  albuminoid  ammonia  figures  is  even  more 
remarkable — 507  per  cent,  more  purification  being  effected 
in  the  chemically  precipitated  than  in  the  septic  tank 
effluent.  In  summing  up,  Mr  Bolton  says,  that  “Chemical 
precipitation  and  one  contact  produced  an  effluent  which 
would  give  satisfaction  to  our  River  Authority,  but  septic 
tanks  and  one  contact  is  quite  unsatisfactory,  and  a second 
contact  would  be  necessary  before  the  effluent  would  be 
sufficiently  pure  to  be  discharged  into  the  stream,  thus 
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increasing  the  area  of  beds  required  for  septic  treatment  to 
double  that  required  for  chemical  precipitation.  Then  the 
extra  cost  of  washing  the  beds  must  be  taken  into  account. 
The  beds  dealing  with  the  septic  tank  effluent  were  choking 
up  so  rapidly  that  we  had  to  abandon  the  method,  and  I 
estimate  that  the  life  could  not  have  been  more  than  five 
years,  whereas  the  beds  dealing  with  effluent  from  chemical 
precipitation  have  been  in  operation  over  ten  years,  and  still 
maintain  a capacity  of  31  per  cent.” 

Septic  tanks  should  not  be  used  in  the  vicinity  of  a town, 
or  near  to  any  residence,  because  the  process,  relying  entirely 
on  the  decomposition  of  the  sewage  (the  tanks  being  merely 
a form  of  cesspool),  liberates  large  quantities  of  foul-smelling 
gases  into  the  atmosphere,  carrying  with  them  myriads  of 
micro-organisms,  and,  in  addition  to  the  obnoxious  odour 
being  a nuisance  to  the  neighbourhood,  the  pathogenic 
organisms  are  deleterious  to  the  health  of  the  district. 

(4)  Aerobic  Treatment  in  Slate  Beds. — ^Mr  W.  J. 
Dibdin,  F.I.C.,  F.C.S.,  late  Chemist  to  the  London  County 
Council,  has  devoted  many  years  to  the  study  of  the  bio- 
logical purification  of  sewage,  and  it  is  entirely  owing  to  his 
labours  that  the  artificial  purification  of  sewage  has  reached 
the  high  stage  of  excellence  which  it  now  holds,  while  the 
experiments  which  he  conducted  for  the  London  County 
Council,  and  at  the  Sutton  Sewage  Works,  have  proved  to 
the  world  that  this  method  of  treatment  could  be  success- 
fully pursued.  Many  years’  experience  in  dealing  with  the 
question  of  sewage  has  enabled  him  to  evolve  the  slate  bed, 
which  has  now  been  in  operation  for  a sufficient  period  of 
time  to  justify  an  opinion  as  to  whether  the  claims  which  Mr 
Dibdin  put  forward  can  be  substantiated.  The  authors  who 
have  investigated  all  processes  of  sewage  disposal  from  an 
entirely  impartial  point  of  view  have  for  a considerable  time 
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had  the  working  of  the  slate  beds  under  examination,  and 
they  are  therefore  in  a position  to  give  an  unbiassed  opinion 
thereon. 

As  a preliminary  form  of  treatment  no  method  of  disposal 
can  compare  with  the  Dibdin  Slate  Bed.  The  sewage  is 
treated  in  the  beds  aerobically,  a layer  of  air  being  retained 
on  the  under  surface  of  the  slates  each  time  the  bed  is  filled, 
thus  supplying  sufficient  oxygen  to  foster  the  aerobic  bacteria 
necessary  in  dealing  with  organic  matters  deposited  on  the 
surface  of  the  slates.  When  the  effluent  from  the  beds  is 
run  off,  the  aerobic  organisms,  i.e.,  bacteria,  infusoria,  worms, 
etc.  multiply  under  favourable  circumstances  with  such  pro- 
lificacy that  practically  the  whole  of  the  organic  matter  in 
the  sewage  is  entirely  disposed  of  within  a short  period  of 
time.  Thus,  the  desideratum  that  sewage  engineers  have  been 
seeking  for  many  years  has  been  attained,  namely,  the  total 
elimination  of  the  sludge  difficulty. 

There  is  a considerable  saving  in  working  costs  of  this 
system,  the  beds  requiring  no  attention  beyond  the  regula- 
tion of  the  inlet  and  outlet  valves.  The  experience  of 
Devizes  with  the  beds  which  were  put  into  action  on 
September  12th,  1905,  may  be  given  as  an  illustration  of 
their  economy  in  work.  In  years,  when  the  sewage  was 
treated  in  tanks,  8500  tons  of  wet  sludge  were  produced 
and  pressed  into  1700  tons  of  cake;  this  operation  being 
productive  of  considerable  nuisance,  as  well  as  being  a 
danger  to  the  health  of  the  inhabitants  by  the  dissemination 
of  the  germs  in  the  sludge,  which  was  distributed  over  a 
considerable  area  of  land  in  the  vicinity  of  the  town.  In  a 
corresponding  period  of  2^  years,  during  which  the  sewage 
was  treated  on  the  Dibdin  slate  beds,  only  50  tons  of  what 
may  be  called  inoffensive  earth  has  been  produced.  Com- 
pared with  other  forms  of  preliminary  treatment,  this  result 
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is  remarkable,  for  in  the  same  period  of  time  an  anaerobic, 
or  septic  tank,  would  have  been  half  filled  with  sludge  of  a 
very  obnoxious  character,  while,  if  the  sewage  had  been 
treated  by  sedimentation,  there  would  have  been  about 
6400  tons  of  wet  sludge  to  dispose  of,  entailing  considerable 
expense. 

The  effluent  produced  from  the  slate  beds  has  undergone 
considerable  purification  ; practically  the  whole  of  the  solid 
matters  being  removed,  and  its  chemical  composition  so 
changed  that  it  may  receive  final  purification  in  a simple 
manner. 

Plate  6 shows  the  slate  beds  in  course  of  construction  at 
Malden.  It  will  be  seen  that  they  are  “ horizontally 
cellular,”  instead  of  “irregularly  cellular,”  as  in  the  case  of 
coke  or  clinker  beds.  The  slate  consists  of  dibris  from  the 
quarries,  and  is  to  be  purchased  cheaply,  the  chief  cost  being 
the  splitting  of  the  slate,  cutting  up  the  cubes,  and  the 
labour  in  filling  the  beds.  This  latter  operation  requires 
considerable  care,  the  cubes  being  placed  directly  over  each 
other.  The  slates  are  about  one-quarter  of  an  inch  thick, 
and  vary  from  one  foot  to  three  feet  superficial  area,  the 
blocks  being  about  two  inches  high  3 this  construction 
giving  a water  capacity,  when  new,  of  about  85  per  cent.,  and 
no  less  than  66  per  cent,  after  working  for  some  years,  this 
being  double  the  capacity  of  an  ordinary  filter  constructed 
of  clinker  or  coke ; hence,  for  the  same  capacity,  the  slate 
beds  can  be  made  with  a cubic  measurement  of  only  one 
half  that  required  for  clinker  beds,  an  appreciable  item  in 
first  cost.  When  the  beds  are  completed  they  have  the 
appearance  of  Plate  7,  which  shows  the  slate  beds  at  Devizes 
in  work,  the  upper  surface  of  the  slates  being  sufficiently 
strong  to  sustain  the  weight  of  labourers  and  others. 


Fi.atk  7. — Slate  Beds  at  Devizes. 


VI 

ARTIFICIAL  SECONDARY  TREATMENT 
OF  SEWAGE 

The  primary  methods  of  purification  already  described  do 
not  produce  sufficient  change  in  the  sewage  to  admit  of  its 
being  discharged  into  a water-course  or  river,  and  a further 
process  of  oxidation  must  be  carried  out,  either  in  contact 
beds,  percolating  filters,  or  on  land.  The  treatment  de- 
scribed removes  a considerable  portion  of  the  suspended 
solids  and  organic  matter,  and  leaves  the  effluent  in  a more 
or  less  unstable  condition,  so  that  the  remaining  organic 
matter  and  other  impurities  can  be  readily  changed  by  the 
aerobic  bacteria,  which  the  secondary  beds  are  designed 
to  cultivate. 

Contact  Beds. — In  this  method  of  treatment  a filter 
bed  is  either  dug  in  clay  land,  as  at  Sutton,  or  formed  with 
boarded  sides,  as  at  Oldham  (neither  of  these  systems  being 
recommended  except  for  temporary  installations),  or  con- 
structed with  floors  and  walls  of  either  brickwork  in  cement, 
cement  concrete,  or  concrete  faced  with  slates.  If  a loan  is 
to  be  applied  for  from  the  Local  Government  Board,  one  of 
the  last  two  methods  of  construction  must  be  adopted. 
The  beds  must  be  underdrained,  and  provided  with  inlet 
and  outlet  valves,  the  sewage  being  distributed  over  the 
upper  surface  of  the  beds  by  means  of  wooden  troughs, 
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glazed  half  pipes,  or,  as  at  Manchester,  fine  filtrant  about 
six  inches  thick  placed  on  the  surface  and  hollowed  out  to 
form  distributing  carriers.  This  last  method  of  distribution 
has  the  advantage  of  retaining  a considerable  portion  of 
the  suspended  solids  in  the  sewage,  preventing  them 
from  percolating  into  the  interstices  of  the  bed.  The 
body  of  the  bed  should  be  filled  with  a hard  durable 
material  to  form  the  filtrant;  coke,  flints,  granite,  clinker, 
or  other  similar  material,  broken,  screened,  and  washed, 
are  all  suitable  substances  from  which  good  results  may  be 
obtained. 

The  area  of  contact  beds  must  be  sufficient  to  deal  with 
twice  the  normal  dry  weather  flow  if  the  town  is  sewered  on 
the  “ separate  ” system,  or  three  times  the  dry  weather  flow 
if  the  town  is  sewered  on  the  “combined”  system.  If  the 
beds  are  hand  worked,  two  fillings  per  day  only  must  be 
given,  with  storage  for  the  night  flow ; but  if  automatic  inlet 
and  outlet  valves  are  installed,  three  fillings  per  day  may  be 
given  to  each  bed.  The  number  of  beds  will  remain  con- 
stant, six  or  eight  should  be  the  minimum  quantity,  so  that 
they  can  be  worked  alternately ; that  is,  when  one  bed  is 
filled,  the  sewage  should  then  flow  into  the  next  bed  and  so 
on  until  the  whole  of  the  beds  have  received  their  charge, 
the  cycle  again  commencing  at  the  first  bed.  In  any  case 
it  is  necessary  to  have  a sufficient  number  of  beds  so  that  one 
or  more  of  them  can  be  thrown  out  of  work,  in  order  that  it 
may  have  additional  rest.  The  usual  method  of  working  a 
bed  on  the  eight  hours’  cycle  is  to  arrange  for  it  to  fill  in 
one  hour,  rest  full  two  hours,  empty  in  another  hour,  and 
remain  empty  four  hours  for  aeration. 

In  many  cases  one  contact  will  not  effect  sufficient  puri- 
fication of  the  sewage  to  enable  it  to  be  discharged  into  a 
water-course,  and  in  such  instances  double  contact  beds  are 


Artificial  Secondary  Treatment  43 


sometimes  constructed.  These  naturally  require  twice  the 
amount  of  fall ; but  where  this  is  available,  it  will  be  found 
advisable,  instead  of  constructing  double  contact  beds,  to 
adopt  continuous  percolating  filters. 

The  method  of  charging  and  discharging  the  liquid  in 
contact  beds  can  be  effected  either  by  hand-worked  or 
automatic  valves,  in  the  former  method  a good  disc  valve 
being  suitable.  In  schemes  of  sewage  purification  for  small 
towns,  where  night  men  are  not  employed  and  the  valves 
hand  worked,  it  is  necessary  to  provide  storage  for  the  night 
flow  of  sewage,  and  only  give  the  beds  two  fillings  per 
day  against  three  fillings  per  day  when  fitted  with  automatic 
valves. 

There  are  many  different  types  of  automatic  valves  for 
contact  beds,  the  object  of  all  being  to  work  the  beds  in  the 
proper  cycle.  The  filling  of  one  bed,  opening  the  valve  of 
the  next  bed,  and  so  on  in  rotation,  until  all  of  the  beds 
have  been  charged,  when  the  operation  commences  again, 
provision  being  made  for  allowing  any  of  the  beds  to  be 
rested  for  an  extended  period.  In  some  installations  of 
automatic  valves,  when  the  bed  is  full,  the  liquid  overflows 
into  a drum  which  falls  and  actuates  a lever,  closing  a valve 
to  that  bed  and  opening  the  inlet  to  the  next  bed.  The 
discharge  from  the  beds  is  regulated  by  a time  valve,  which 
comes  into  operation  directly  the  bed  is  full,  holding  up  the 
sewage  for  the  necessary  period  of  contact.  The  valve  is 
actuated  by  the  liquid  filling  a drum,  which  falls  when  there 
is  sufficient  weight  to  overcome  the  pressure  on  the  outlet 
valve,  and  it  consequently  opens. 

Another  method  of  charging  and  discharging  contact  beds 
is  by  means  of  air-locked  syphons  which  automatically  feed  the 
beds  from  the  inlet  carrier ; and  when  the  first  bed  is  full,  the 
liquid  overflows  and  brings  into  operation  the  syphon  in  the 
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second  bed,  which  then  fills,  and  so  on  in  rotation  until  the 
whole  of  the  beds  have  been  charged,  the  discharge  from  the 
beds  being  effected  in  a similar  manner. 

Plate  8 shows  a view  of  an  installation  of  contact  beds 
which  the  authors  have  recently  designed.  These  receive  the 
effluent  from  the  primary  beds  shown  on  the  upper  level  of 
the  land,  the  effluent  from  the  lower  contact  beds  being  dis- 
tributed over  an  irrigation  area  before  passing  into  the 
stream  on  the  lower  boundary  of  the  site.  The  beds  are 
worked  with  automatic  valves,  and  the  working  expenses  of 
the  scheme  will  be  extremely  low. 

Percolating  or  Continuous  Trickling  Filters. — 
The  best  means  for  carrying  out  the  secondary  purification  of 
sewage  is  by  means  of  percolating  filters.  In  this  form  of 
filter  the  effluent  from  the  primary  tanks,  or  slate  beds,  is 
evenly  distributed  over  the  surface  of  the  filtrant  by  some- 
mechanical  means.  The  beds  should  not  be  less  than  4 feet 
deep,  and,  in  addition  to  this,  the  means  of  distribution 
require  a further  15  inches  head,  so  that  it  may  be  reckoned 
roughly  that  a continuous  filter  cannot  be  installed  at  a less, 
depth  than  5 feet  6 inches.  A depth  of  6 feet  for  the  fil- 
trant gives  exceedingly  good  results,  any  depth  beyond  this 
can  hardly  be  considered  worth  the  expenditure  necessary 
to  procure  it ; and  the  better  way,  if  a very  highly  purified 
effluent  is  required,  is  to  install  a secondary  series  of  filters, 
at  a lower  level,  upon  which  the  effluent  from  the  primary 
filters  can  again  be  distributed. 

The  area  of  percolating  beds  should  be  based  upon  the 
total  amount  of  flow  which  they  are  intended  to  purify,  t.e. 
in  schemes  approved  by  the  Local  Government  Board 
(three  times  the  normal  dry  weather  flow  in  combined 
schemes,  and  twice  the  normal  dry  weather  flow  in  separate 
schemes),  at  the  rate  of  56  gallons  per  square  yard  per  foot 


Plate  8. — Installation  of  Contact  Beds. 
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of  depth,  if  followed  by  land  treatment,  and  half  this 
quantity  if  artificial  filtration  alone  is  relied  on. 

The  circular  percolating  filter  has  been  most  used  in  this 
country,  various  methods  of  construction  being  adopted. 
In  some  cases  the  filters  have  been  sunk  in  the  ground,  the 
excavations  being  lined  with  concrete  and  the  filtrant  filled 
on  to  the  top  of  an  aerating  floor,  which  drains  the  purified 
liquid  rapidly  away.  A variation  of  this  form  of  filter  is  the 
type  embanked  above  the  ground,  as  shown  by  Plate  9, 
which  is  one  of  the  bacterial  filters  carried  out  by  the 
authors  for  dealing  with  the  sewage  of  the  City  of 
Chichester.  It  is  three-quarters  of  an  acre  in  extent,  the 
average  depth  of  the  filtrant  being  5 feet  6 inches.  Sea 
shingle,  broken,  washed,  and  screened,  of  varying  grades, 
is  used  for  the  filtrant.  Although  the  sewage  of  this  town 
has  large  quantities  of  waste  liquids  from  a brewery, 
tannery,  and  dye-works,  in  addition  to  the  ordinary 
domestic  sewage,  the  effluent  produced  is  of  remarkable 
purity,  the  following  analysis  giving  the  result : — 


Analysis  of  Effluent  from  Chichester  Sewage 


Works. 


Chlorine  . . . . . 

Nitrates  . ...  . 

Dissolved  oxygen  ; c.c.  per  litre  . 


In  parts 
per  100,000. 

. 4’26 
• ’SO 

7’20 


The  filter  was  lined  with  cement  concrete,  the  sides  being 
embanked  and  sown  with  grass  seeds.  The  revolving 
spreader  is  of  very  large  dimensions,  being  200  feet  in 
diameter,  and  capable  of  dealing  with  a million  and  a 
quarter  gallons  of  sewage  per  twenty-four  hours.  The 
spreader  is  electrically  driven,  a motor  being  fixed  at  the 
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outer  ends  of  the  two  arms,  which  are  supported  on  carriages 
running  on  a circular  track  outside  the  filter  bed.  The 
supply  is  controlled  by  an  automatic  measuring  valve.  The 
distributor  was  made  by  Messrs  Mather  & Platt,  Limited, 
Salford  Ironworks,  Manchester,  and  is  well  designed,  con- 
structed in  a very  substantial  manner,  and  performs  its  work 
efficiently,  evenly  distributing  the  effluent  over  every 
portion  of  the  filter,  the  electrical  current  taken  being  exceed- 
ingly small  even  during  gales  of  wind. 

P'ilters  without  enclosing  walls  have  been  advocated  by 
many  engineers,  and  they  no  doubt  secure  efficient  aeration ; 
but  owing  to  the  additional  quantity  of  filtrant  necessary  to 
form  a natural  slope,  and  consequently  a floor  area  of 
greater  extent,  they  cost  about  ;^25o  more  per  acre  to 
construct.  Moreover,  particles  of  the  filtrant  are  continually 
falling  into  the  surrounding  effluent  carrier. 

The  best  way  of  constructing  a percolating  filter  is  to 
build  it  above  the  ground  with  walls  constructed  honey- 
combed of  blue  bricks  laid  in  cement,  having  a concrete 
floor,  with  ample  fall,  to  secure  rapid  discharge  of  the 
effluent. 

An  aerating  floor  should  be  constructed  to  all  filters,  this 
being  a perforated  platform,  a few  inches  above  the  under 
concrete  draining  floor,  and  may  be  formed  of  ordinary 
flat  tiles  or  slates,  supported  on  bricks,  but  it  is  better  to 
use  one  of  the  patent  aerating  floor  tiles,  several  good 
designs  of  which  are  now  to  be  procured.  These  tiles 
should  extend  through  the  enclosing  walls,  so  that  a rod 
can  traverse  the  opening,  or  a strong  jet  of  water  be  used 
to  flush  away  the  burnt-out  humus  settling  on  the  draining 
floor.  This  form  of  construction  provides  for  a ready  flow 
of  the  effluent  from  the  filter,  without  clogging  up  the  lower 
layers  of  the  filtrant,  and  is  of  great  service  in  supplying 


Plate  io. — Fiddian  Sewage  Distributor 
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biological  life  in  the  filter  with  the  necessary  quantities  of 
oxygen  to  promote  its  growth.  The  filtrant  should  be 
placed  upon  this  platform,  and  must  be  perfectly  clean  and 
graded  to  the  requisite  size  to  obtain  the  best  results. 
Some  difference  of  opinion  exists  as  to  what  is  the  proper 
size  of  the  filtrant,  some  advocating  coarse  particles,  and 
others  extremely  fine  particles  ; the  former  system  requires  a 
deeper  filter,  if  the  same  degree  of  purification  be  required, 
than  the  latter  system.  The  authors’  experience  is  that  a 
filtrant  graded  as  follows  gives  good  results  : The  bottom 
layer  of  12  inches  in  thickness  should  have  2-inch 
particles,  then  a layer,  2 feet  thick,  of  i-inch  particles,  with 
a further  foot  of  |-inch  particles,  the  top  foot  being  of 
I -inch  particles,  making  5 feet  in  all.  By  placing  the  fine 
particles  beneath  the  surface,  the  sewage  freely  enters  into 
the  body  of  the  filter  without  ponding,  the  suspended  solids 
being  retained  by  the  coarser  particles  on  the  surface  of 
the  filtrant. 

The  medium  for  filtration  may  be  composed  of  similar 
materials  as  described  for  contact  beds,  broken  clinkers 
probably  giving  the  best  results,  and,  as  a rule,  this  can  be 
cheaply  obtained,  being  a waste  material  in  most  parts  of 
the  country.  Percolating  filters  may  be  constructed  either 
round,  square,  or  rectangular,  the  type  of  distributing  gear 
determining  the  shape.  Plate  10  shows  an  installation  of 
three  “ Fiddian  ” sewage  distributors,  each  63  feet  in 
diameter,  erected  at  Bushbury,  near  Wolverhampton.  The 
depth  of  each  filter  is  4^  feet,  the  sewage  at  this  place  being 
very  concentrated.  The  sprinklers  were  supplied  by  Messrs 
Birch,  Killon  & Company,  Manchester,  and  it  is  claimed  that 
they  are  perfectly  automatic  even  in  a strong  wind,  and  will 
sprinkle  evenly  any  varying  rate  of  flow  without  special 
dosing  apparatus,  and,  however  small  the  rate,  liquid  never 
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falls  on  the  filter  without  the  distributor  moving  onwards. 
The  sprinkling  is  accomplished  by  means  of  the  revolving 
water  wheel,  so  that  small  holes  are  entirely  dispensed  with 
and  consequent  choking  up,  the  even  sprinkling  in  very 
small  doses  enabling  shallow  filters  of  finer  material  to  be 
employed  with  a saving  in  cost  and  working  head. 

A type  of  automatic  distributor  largely  used  for  distribu- 
ting sewage  over  rectangular  filter  beds  is  shown  by  Plate  ii. 
It  is  made  by  Messrs  Ham,  Baker  & Company,  Limited, 
Westminster.  The  apparatus  is  so  arranged  that  the 
sewage  is  equally  distributed  over  the  whole  area  of  the 
bed,  on  alternate  sections  of  the  filtering  material,  one 
half  being  dosed  as  the  distributor  works  forward,  and 
the  other  half  as  it  returns,  thus  giving  a period  of  rest  after 
each  feeding.  It  runs  on  rails,  and  is  fed  with  the  sewage 
from  a trough  at  the  side,  being  automatically  syphoned  into 
the  supply  pipes  and  conveyed  to  the  drums  of  the  apparatus, 
these  being  made  in  the  form  of  a water  wheel,  revolve 
when  charged  with  sewage,  and  at  the  same  time  propel  the 
machine  over  the  bed.  The  length  of  the  beds  on  which 
these  distributors  travel  should  be  from  four  to  six  times 
their  width.  This  apparatus  is  in  use  at  the  sewage  works 
at  Wednesbury,  Bolton,  Kettering,  and  a number  of  other 
towns. 

For  rectangular  beds,  spraying  jets  are  frequently  used. 
They  require  a head  of  from  4 to  6 feet.  If  the  latter  head  be 
available,  each  jet  will  distribute  over  a diameter  of  12  feet. 
Plate  12  shows  an  illustration  of  Adams-Hydraulics,  Ltd., 
spraying  jets,  for  covering  circular  and  square  areas,  the 
latter  jet  having  the  advantage  of  covering  the  whole  area 
of  the  surface  of  the  filter  and  not  wasting  any  portion,  as 
is  done  with  the  round  jet. 

There  is  a limit  to  the  size  of  a revolving  distributor 
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Plate  12.  —Spray  Jet  Sewage  Distributors. 
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working  with  the  flow  of  sewage  as  a motive  power.  On 
circular  filters  the  authors’  experience  is  that  the  diameter 
should  not  exceed  1 20  feet.  Distributors  of  a larger  size  than 
this  are  retarded  by  the  wind,  and  it  is  frequently  difficult  to 
secure  their  rotation.  If  it  is  necessary  to  adopt  spreaders 
of  a greater  diameter  than  this,  they  must  be  driven  by  some 
independent  power,  either  by  an  electric  motor,  an  oil 
engine,  or  gas  engine.  The  power  required  for  this  purpose 
is  very  small,  and  adds  little  to  the  annual  working  costs. 

Too  great  care  cannot  be  exercised  in  .selecting  a suitable 
distributor  for  the  sewage  on  percolating  filters,  and  experi- 
ence of  working  existing  apparatus  is  of  some  value ; 
a badly-designed  or  ill-constructed  distributing  apparatus 
will  give  endless  trouble,  and  cause  considerable  expense 
every  year  for  repairs  and  maintenance. 

If  the  effluent  from  a percolating  filter  is  afterwards 
treated  on  land,  the  burnt-out  humus  will  be  settled  thereon 
and  ultimately  form  a portion  of  the  soil.  In  places  where 
artificial  treatment  alone  is  relied  on,  settling  tanks,  or  some 
form  of  straining  filter  constructed  of  sand  and  gravel,  must 
be  laid  down  to  deal  with  this  humus,  as  otherwise  it  would 
cause  trouble  with  the  River  Boards  if  admitted  into  a 
stream.  The  humus  is  innocuous,  but  the  presence  of  any 
suspended  solids  in  an  effluent  from  a sewage  works  would 
be  sufficient  to  condemn  it.  The  better  way  of  getting  rid 
of  this  burnt-out  ash  is  to  have  a small  deep  tank,  in 
duplicate,  through  which  the  effluent  from  the  filter  should 
flow,  and  be  brought  into  a state  of  quiescence.  The  humus 
would  then  settle  to  the  bottom,  the  effluent  being  drawn 
off  at  the  top. 

Management  of  Filters. — A few  words  on  the  working 
of  filters  may  be  of  some  assistance  to  those  interested  in 
the  satisfactory  performance  of  sewage  purification  plants. 
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Every  portion  of  the  surface  of  the  filtrant  should  receive 
the  same  quantity  of  sewage.  Each  day  every  percolating 
filter  should  have  a stated  period  of  rest,  and  contact  beds 
should  have  the  rest  periods  assigned  to  them  by  the  cycle 
of  working,  and  occasionally  all  filter  beds  should  be  given 
an  additional  week’s  rest.  A plentiful  supply  of  air  is 
necessary  to  the  interior  of  all  filters;  and  in  order  to  insure 
this,  the  upper  pores  of  the  filtrant  should  be  kept  open, 
either  by  means  of  a long  pronged  rake,  or  digging  with  a 
fork.  Analyses  should  frequently  be  made  to  show  the 
amount  of  suspended  matter  in  the  sewage  distributed  on 
the  filter,  as,  if  this  be  excessive,  it  will  tend  to  clog  up  the 
interstices  and  destroy  the  filtration.  If  the  amount  of 
suspended  solids  is  found  to  be  excessive,  some  alteration 
should  be  made  in  the  primary  treatment  so  as  to  retain  the 
solids  or  dispose  of  them  in  a better  manner.  The  effluent 
from  the  filter  should  be  regularly  tested  to  ascertain  the 
amount  of  nitrites  and  nitrates.  If  the  nitrite  increase  and 
the  nitrate  decrease,  it  will  show  that  the  filter  is  being 
overworked,  or  losing  capacity,  and  in  either  case  it  should 
be  given  a prolonged  period  of  rest.  The  burnt-out  humus 
sometimes  collects  in  the  bed  and  retards  the  rate  of  filtra- 
tion. Considerable  quantities  of  this  can  be  removed  from 
filters  having  medium  coarse  particles  by  the  application  of 
jets  of  water.  The  spreader  may  be  held  in  one  position  to 
effect  this,  and  in  a few  minutes  it  will  completely  clear 
the  burnt-out  humus  from  the  portion  of  the  bed  where  it 
is  held  stationary.  By  performing  this  operation  at  frequent 
intervals  all  over  the  filter,  the  humus  can  be  removed  to  a 
very  large  extent ; and,  after  the  filter  has  been  cleared,  the 
spaces  between  the  draining  floor  and  false  floor  should  be 
thoroughly  washed  out  with  water  from  a hose-pipe,  the 
whole  of  these  washings  being  run  on  to  a plot  of  land  and 
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allowed  to  filter  through  it  before  discharging  the  effluent 
into  the  outfall.  In  towns  where  there  are  breweries  con- 
nected to  the  sewerage  system,  care  should  be  taken  that 
excessive  quantities  of  sour  beer  are  not  discharged  into 
the  sewers.  The  authors  know  of  two  cases  where  the 
whole  of  the  bacterial  action  in  filters  at  large  sewage  dis- 
posal works  was  deranged  for  some  weeks,  in  consequence 
of  such  discharges.  The  acid  in  the  beer  entirely  destroyed 
the  bacteria  which  bring  about  purification,  and  caused  acid 
forming  bacteria  to  develop. 

The  mechanical  part  of  the  filter  should  be  regularly 
attended  to,  the  valves  and  bearings  being  oiled,  packed,  and 
adjusted  from  time  to  time,  all  the  ironwork  and  steelwork 
being  well  painted  to  preserve  it. 


VII 

STORM-WATER  FILTERS 

The  Local  Government  Board  require  in  sewage  disposal 
works  designed  on  the  separate  system  twice  the  normal 
dry  weather  flow  treated  as  sewage  proper,  a further  four ' 
times  the  dry  weatlier  flow  being  treated  either  on  storm- 
water filters  or  on  land  laid  out  for  this  purpose.  In  towns 
in  which  a combined  system  of  sewerage  has  been  adopted, 
three  times  the  dry  weather  flow  must  be  treated  as  sewage 
proper,  and  a further  three  times  either  on  storm-water 
filters  or  on  land.  Not  more  than  500  gallons  per  square 
yard  per  day  must  be  allowed  for  in  the  storm-water  filters ; 
and,  if  land  be  provided,  the  rate  of  filtration  must  not 
exceed  30,000  gallons  per  acre.  Storm-water  filters  may  be 
as  shallow  as  two  feet  deep ; but,  if  a loan  is  required,  the 
Local  Government  Board  will  insist  on  their  being  perman-  * 
ently  constructed  with  cement  concrete  floors,  the  walls  being 
either  built  with  a similar  material  or  with  brickwork  in 
cement.  The  area  of  the  filters  should  be  divided  into  a 
number  of  beds,  and  be  provided  with  the  necessary  inlet 
and  outlet  valves.  They  may  be  used  either  as  contact  beds, 
as  adopted  by  the  authors  at  Chichester,  as  shown  by  Plate 
13,  or  they  may  be  worked  continuously. 
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Pla  i k 13.  —Storm  Water  Filters. 


VIII 

THE  IDEAL  METHOD  OF  TREATING 
SEWAGE 

The  ideal  method  of  treating  sewage  is  to  carry  out  the 
whole  of  the  operations  without  causing  appreciable  nuisance 
either  on  the  works  or  in  the  vicinity.  The  sludge  must  be 
entirely  destroyed,  and  the  danger  avoided  of  disseminating 
disease  by  spreading  the  pathogenic  germs  contained  in  the 
sewage  over  inhabited  parts  of  the  country.  The  working 
expenses  of  an  ideal  system  of  sewage  disposal  must  be  low, 
and  the  upkeep  and  maintenance  required  to  keep  the 
works  in  the  most  efficient  condition  should  necessitate  but 
a small  amount  of  labour.  Above  all,  the  effluent  sent  out 
from  the  works  must  at  all  times  be  clear  and  sparkling, 
so  chemically  and  bacteriologically  pure  that  there  will  be 
no  possibility  of  any  stream  being  fouled,  or  water-course 
polluted,  causing  danger  to  human  beings  or  animals  drink- 
ing the  water  into  which  the  effluent  runs. 

It  is  seldom  in  practice  that  the  ideal  can  altogether  be 
obtained  ; and  in  sewage  disposal  works,  as  in  other  matters, 
the  best  knowledge  of  the  present  day  falls  a little  short  of 
this.  The  authors  have  delineated  what  they  believe  to  be 
the  nearest  approach,  as  yet  possible,  to  an  ideal  sewage 
works,  and  think  that  it  may  be  useful  to  lay  before  the 
reader  a description  of  a scheme  which  they  have  recently 
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prepared  for  dealing  with  the  sewage  of  a town  of  6000 
inhabitants.  In  this  case  it  was  necessary  to  pump  a portion 
of  the  low-lying  district,  the  sewage  had  to  be  disposed  of  in 
the  most  perfect  manner  possible,  and,  in  addition,  the 
house  refuse  destroyed.  A suitable  plot  of  land  was  selected 
about  a mile  and  a half  away  from  the  town,  to  which  the 
sewage  was  conveyed — five-sixths  by  gravitation,  and  one- 
sixth  by  pumping.  For  destroying  the  house  refuse,  a 
destructor  was  designed,  which  raised  steam  in  two  Cornish 
boilers,  the  whole  being  adapted  to  burn  the  refuse  without 
creating  any  obnoxious  fumes  or  dust.  The  steam  generated 
by  the  refuse  destroyed  was  converted  into  electrical  energy, 
and  transmitted  along  underground  cables  to  the  points 
where  the  sewage  required  to  be  pumped,  high  efficiency 
motor  driven,  centrifugal  pumps  being  employed  for  this 
purpose.  The  sewage,  upon  entering  the  works,  was  first 
screened,  then  passed  through  a detritus  chamber,  the 
refuse  from  both  of  these  places  being  mixed  with  the  house 
refuse  and  destroyed  in  the  destructor.  After  leaving  the 
detritus  chamber,  the  sewage  then  passed  automatically  into 
a series  of  six  aerobic  slate  beds,  in  which  the  formation  of  the 
sludge  is  entirely  avoided,  the  effluent  from  these  being  in  a 
condition  to  receive  further  treatment,  which  is  carried  out 
on  eight  continuous  percolating  filters,  arranged  on  two 
levels,  so  that  if  one  filtration  did  not  produce  an  effluent  of 
the  highest  quality,  it  could  again  receive  a further  filtration. 
For  dealing  with  storm  water,  eight  filters,  fitted  with  inlet 
and  outlet  valves,  are  constructed  on  the  lower  portion  of 
the  site,  to  be  used  as  contact  beds. 

Plate  14  shows  a general  view  of  the  works,  the  slate 
beds  being  on  the  higher  portion  of  the  ground,  the  first  and 
second  percolating  filters  in  the  centre,  and  the  storm-water 
filter  beds  on  the  lower  portion  of  the  ground ; below  these 
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being  the  destructor,  boiler  house,  and  electrical  generating 
plant.  With  this  scheme  there  can  be  no  nuisance,  the 
only  time  when  the  sewage  is  exposed  being  when  it  is 
passing  through  the  screen  and  grit  chamber.  From  the 
slate  beds  there  is  no  objectionable  or  harmful  smell  what- 
ever, the  level  of  the  sewage  being  below  the  top  layer  of 
slates;  and  the  process,  being  an  aerobic  one,  precludes  the 
formation  of  any  obnoxious  gases,  as  is  the  case  when 
anaerobic  processes  are  adopted  for  the  primary  treatment. 
The  effluent  from  the  slate  beds  has  a slight  earthy  smell, 
and  its  distribution  over  the  percolating  filters  is  not  attended 
with  any  unpleasant  odour.  The  final  effluent  is  clear  and 
sparkling,  and  although  not  perhaps  quite  up  to  the  standard 
of  drinking  water,  it  would  cause  no  pollution  whatever  even 
if  admitted  into  sluggish  running  water. 


IX 

CONCLUSION 

In  producing  this  little  book,  the  authors  have  striven  to 
throw,  in  a brief  and  concise  manner,  some  light  on  the 
most  modern  methods  of  sewage  disposal,  and  to  simplify, 
to  the  lay  mind,  the  complications  which  arise  in  the  discus- 
sion of  the  question  of  sewering  towns  and  villages,  also  to 
show  that  such  works  can  be  carried  out  without  nuisance 
to  the  public  or  to  owners  of  property  adjacent  to  the  dis- 
posal works,  and  without  detriment  to  the  health  of  the 
community. 

The  authors  also  hope  that  the  extracts  given  of  sanitary 
law  will  be  of  some  service  to  local  authorities,  assisting 
them  to  avoid  that  constantly  occurring,  and  serious,  fault 
of  accepting  schemes  not  properly  designed  to  meet  full 
legal  requirements,  which  considerably  increase  the  original 
estimated  expenditure. 

If  the  information  provided  herein  will  materially  assist 
only  a few  authorities  to  solve  the  problem  of  sewage  dis- 
posal, and  to  make  it  an  innocuous  and  inodorous  process, 
as  it  should  be,  the  authors  will  feel  that  their  labours  have 
not  been  altogether  in  vain. 
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Dibdin  slate,  38. 
percolating  filter,  44. 
secondary  filter,  41. 
storm  water,  52. 
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beds,  39. 


57 


58 


INDEX 


County  Council,  powers  of,  27. 

Cycle  of  working  contact  beds,  42. 

Danger  to  health  by  micro-organ- 
isms in  sludge,  38. 

Decision  of  courts  generally 
against  authorities,  27. 

Default  of  local  authority  and 
Local  Government  Board, 
23,  27. 

Defective  sewers,  2,  12. 

Depth  of  sewers,  10. 

Destructors  and  sewage  works,  19. 

Detritus  chambers,  35. 

Development  of  bacteria  in  aerobic 
beds,  39. 

Dibdin  slate  beds,  38. 

Disposal  works,  success  due  to 
details,  2. 

Distributor,  Chichester,  45. 

Fiddian,  47. 

Mather  & Platt,  46. 

Distributors,  sewage,  47. 
power  driven,  49. 

District,  objectors  to  works  with- 
out, 22. 

powers  to  construct  works  within, 
21. 

without,  21,  22. 

Drains,  connection  of,  16. 

Effluent  from  trades,  17,  34. 

Electrical  pumping,  18,  19. 
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beds,  39. 

Expenses,  recovery  of,  by  Local 
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Faulty  sewers,  2,  12. 
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Filter  beds,  Local  Government 
Board  rules,  41,  44. 

Filters,  biological,  3. 
distribution  on,  47. 
management  of,  49. 
percolating,  5,  44. 
secondary,  41. 
storm  water,  52. 
treatment  on,  41, 


Filters,  trickling,  44. 

Filtrant,  suitable  material  for,  47. 
F'iltration,  land,  5,  33. 

Flushing  chambers,  14. 
chamber,  storm-water,  14. 
in  manholes,  14. 

Foul  gases  from  septic  tank,  38. 

Gas  plants,  suction,  18. 

Gradients  of  sewers,  10. 

Gravitation  schemes,  18. 

Growth  of  micro-organisms,  30. 

bland  - worked  valves  for  contact 
beds,  43. 

bleywood  Sewage  Works,  experi- 
ments at,  37. 

Humus  must  be  settled  out  of 
effluent,  49. 

Ideal  method  of  treating  sewage,  53. 
Infusoria,  4. 

Inverted  syphons  may  save  pump- 
ing, 18. 

Irrigation  land,  5,  33. 

Land,  amount  of  sewage  purified 

on,  33- 

filtration,  5,  33. 
irrigation,  $,  33. 

sewage  formerly  disposed  of  on, 
2. 

surplus  areas  necessary,  33. 
treatment,  32. 

Local  Government  Board  and  objec- 
tions, 22,  23. 

proceedings  taken  by,  in  case  of 
default,  23,  27. 
requirements,  9,  41,  44,  52. 
and  recovery  of  expenses,  24. 
rules  as  to  storm  water,  9. 

Maintenance  and  making  of  sewers, 
powers  for,  24. 
Management  of  filters,  49. 
Manholes,  14. 

flushing  rings  in,  14. 
Manufacturing  wastes,  17,  34. 
Materials  suitable  for  filtrant,  47. 
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jVIather  & Platt  Distributor,  46. 
Method  of  laying  sewers,  9. 
Metropolis,  special  acts  apply  to, 
27. 

Microbes,  3. 

Pathogenic,  3. 

Micro-organisms  in  sludge.  A 
danger  to  health,  38. 
in  soil,  2. 
septic,  3. 

Modification  ofland  treatment,  32. 
Motor-driven  pumps,  efficiency  of, 
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Natural  purification,  5,  6, 
Nitrification,  6. 

Objections  to  chemical  treatment, 

35-  , 

to  works  without  district,  22. 
Oldham  contact  beds,  41. 

One  contact  not  sufficient,  42. 
Outfall,  sea,  17,  29. 

Overflows,  storm- water,  16. 
Oxidation,  6. 

Oxygen,  6. 

Pathogenic  microbes,  3. 

Percolating  fillers,  44. 
aehating  floor,  46. 
area  of,  44. 

best  method  of  construction,  46. 
depth  of,  44. 
size  of  filtrant,  47. 
without  walls,  46. 

Pollution,  river,  26. 

from  sewers  constructed  prior  to 
P.  H.A. , 1875,  27. 

Power  to  communicate  with  sewers 
of  adjoining  district,  25. 
driven  distributors,  49. 
for  making  and  maintenance  of 
sewers,  24. 

Powers  of  county  councils,  27. 
Precipitation,  chemical,  35. 

necessary  in  some  towns,  36. 
sludge  from,  35. 

Preliminary  treatment  in  aerobic 
beds,  39, 


Private  drains,  connection  of  two 
sewers,  16. 

Proceedings  by  Local  Government 
Board  in  case  of  default  of 
Local  Authority,  23,  27. 
Pumping  by  air  ejectors,  19,  20. 
by  electric  motors,  18,  19. 
by  oil  engines,  18. 
by  steam  plant,  18,  19. 
by  suction  gas  plant,  18. 
by  town  gas,  18. 

frequently  necessary  at  several 
points,  19. 

sewage,  storage  required,  ii. 
Purification,  artificial,  6. 
natural,  5. 

Rainfall  admitted  to  sewers,  9. 
Reduction  of  sludge  in  aerobic  beds, 
39- 

in  anaerobic  tanks,  37. 

Refuse,  chemical,  27. 

Requirements  of  Local  Government 
Board,  41,  44,  52. 

River  pollution,  26. 

Screening  of  sewage  necessary,  35. 
Sea  outfalls,  17,  29. 

Secondary  filters,  41. 

treatment,  41. 

Sedimentation,  36. 

sludge  from,  36. 

Separate  system  of  sewers,  8. 

cost  reduced  by,  8. 

Septic  treatment,  37. 
effluent,  suspended  solids  in,  37. 
organisms,  3. 
lank,  foul  gases  from,  38. 

Sewage,  amount  of,  9. 

purified  on  land,  33. 
chemical  treatment  of,  35. 
discharged  into  sea,  17. 
distributors,  47. 

formerly  disposed  of  on  land,  2. 
ideal  method  of  treating,  53. 
land  treatment  of,  32. 
pumping,  18,  19. 
to  be  purified  before  discharging 
into  streams,  25,  29. 
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Sewage  works,  5. 

destructors  and,  19. 
within  district,  21. 
without  district,  21,  22. 
Sewerage  works,  5. 

Sewering,  gravitation  schemes  of, 
18. 

Sewers,  combined  system  of,  8. 
construction  of,  1 1 . 
depth  of,  10. 
faulty,  2,  12. 
gradients  of,  lO. 
in  tunnels,  13. 
laid  in  straight  lines,  9. 
must  be  watertight,  12. 
powers  for  making  and  maintain- 
ing, 24. 

powers  to  communicate  with 
adjoining  district,  25. 
rainfall  admitted  into,  9. 
separate  system  of,  8. 
size  of,  10. 

subsoil  water  leaking  into,  2,  12. 
tank,  II,  18. 
velocity  of  sewage  in,  10. 
ventilation  of,  15. 

Skill  required  to  design  sewerage 
works,  I. 

Slate  beds,  construction  of,  40. 

development  of  bacteria  in, 

39- 

eliminate  sludge,  39. 

Sludge,  amount  of,  from  precipita- 
tion processes,  35. 
from  sedimentation  pro- 
cesses, 36. 

from  septic  treatment,  37. 
eliminated  by  slate  beds,  39. 
micro-organisms  in,  a danger 
to  health,  38. 

Soil,  micro-organisms  in,  2. 
Spraying  jet  distributors,  48. 
Storage  required  where  sewage 
pumped,  II. 

Storage  tank,  1 1,  18. 

Storm  water.  Local  Government 
Board  rules,  9,  52. 


Storm-w.iter  filters,  52. 
flushing  chamber,  14. 
overflows,  16. 

Subsoil  water  leaking  into  sewers, 
2,  12. 

Suction  gas  plants,  18. 

Suitable  materials  for  filtrant,  47. 
Surface  irrigation  on  land,  33. 
Surplus  areas  of  land,  33. 
Suspended  solids  in  septic  effluent, 
37- 

Sutton  contact  beds,  41. 

Syphons  for  contact  beds,  43. 
Syphons,  inverted,  may  save 
pumping,  18. 


Tank  sewers,  ii,  18. 

Tanks,  capacity  of,  35,  36. 

Trade  wastes,  17,  34. 

Treating  sewage  by  chemicals,  35. 

ideal  method  of,  53. 

Treatment  of  sewage  on  land,  5,  32, 

33- 

in  slate  beds,  38. 

Trenches  crossed  by  gas  and  water 
mains,  14. 

must  be  kept  free  from  water, 
^3- 

Trickling  filters,  44. 

Tunnelling,  13. 

Valves,  automatic,  43. 

Velocity  of  sewage,  10. 

Ventilation  of  sewers,  15. 


Washing  filters,  50. 

Water  kept  out  of  sewer  trenches, 
13- 

Watertight  sewers,  12. 

Working  costs,  reduced  by  slate 
beds,  39. 

Works,  sewage,  5. 
sewerage,  5. 

within  district,  21. 
without  district,  21,  22. 
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5,  FETTER  LANE,  LONDON,  E.C. 


4 THE  SANITARY  PUBLISHING  Co.,  Ltd. 


Hygienic  Treatment  of  Consumption  at  Home — Physical  Examination 
and  Diagnosis — A Case  of  Heart  Disease — Clinical  Observations — A 
Cardio — Pulmonary  !Munmun — Some  Clinical  Remarks  on  Pneumonia — 
Some  Further  Reflections  concerning  Pneumonia — Experimental  Research 
in  Reference  to  Tuberculosis. 

C.  H.  Clarke’s  Examination  Aids. 
Calculation  of  Cubic  Space,  &c.,  for 

Sanitary  Officers.  By  C.  H.  CLARKE.  Sixth  Edition.  Is.  net. 

Trade  Nuisances:  Their  Nature  and  Abate= 

ment.  Fourth  Edition.  6d.  net. 

Practical  Drain  Inspection.  Fifth  Edition. 

6d.  net. 

Notes  on  Sanitary  Law  for  Students. 

Sixth  Edition.  1«.  9d.  net. 

Cremation : The  Planning  of  Crematoria 

and  Columbaria.  By  A.  C.  FREEMAN.  Paper  Cover.  6d.  net. 

Destructors  and  the  Removal  of  Town 

Refuse.  With  SPECIAL  SUPPLEMENT  exhaustively  dealing  with 
the  Latest  Practice  iu  Refuse  Destructors  and  Power  Production, 
embodying  the  Latest  Developments  and  Working  Results  attained  in 
all  branches.  By  WILLIAM  H.  MAXWELL,  Assoc.  M.  Inst.  C.E., 
Borough  and  Waterworks  Engineer,  Tunbridge  Wells  Corporation. 
Demy  8vo.  Fully  Illustrated  throughout.  .'524  pages.  15s.  net.  [1905 
ABRIDGED  SYNOPSIS  OF  CONTENTS.— A detailed  of  the  law 

bearing  upon  the  subject^ — By-laws  of  Local  Government  Bo.ard,  London 
County  Council,  &c. — The  Scavenging  and  Cleansing  of  Streets — Disposal 
of  Street  Refuse — Street  Watering — House  Refuse  : Its  Collection  and 
Ultimate  Disposal— Definition  of  Refuse  : Its  Composition,  Quantity,  &c. 
— Temporary  Storage  of  Refuse — -Collection  of  Refuse — The  Removal  of 
Excreta — Full  Descriptions  of  all  Methods  Employed — Disposal  of  Town 
Refuse — Full  Descriptions  of  the  various  Methods  iu  Use — Refuse 
Destructors — Detailed  and  Illustrated  Descriptions  of  all  Types  of 
Furnaces,  with  their  Merits,  Defects,  &c. — Destructor  Accessories  — 
Cremators,  Carboniser,  Charging  Apparatus,  Fire  Bars,  &c. — General 
Observations  on  Refuse  Destructors — Cost  of  Construction — Cost 
of  Working — Value  of  Town  Refuse  for  Power  Production — Duty 
per  Cell — Amount  of  Residuum  and  its  Uses — Manufacture  of 
Flagging — Nuisance  from  Destructors,  &c. — Chimneys — Construction  of 
Tall  Chimneys,  their  Stability,  &c. — Water-tube  Boilers — Refuse  Disposal 
and  Destructor  Installations  of  various  Towns — Det.ailed  and  fully 
Illustrated  Descriptions  of  the  Installations  and  Working  Results  of 
about  120  Refuse  Destructors  throughout  the  Country — Thermal 
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Storage — Necessity  for  Storage  of  Energy,  Methods  of  Storage — Mr. 
Druitt  Halpin’s  System  of  Thermal  Storage — Practical  Installation  of 
System — Thermo-Dynamic  Aspect  of  Thermal  Storage — The  Problem  of 
the  Disposal  of  Town  Refuse  : Recent  Progress  : Present  Day  Practice- 
Accessory  Plant,  and  the  Utilisation  of  Surplus  Heat  aud  Clinker  at 
Modern  Destructor  Installations — Some  Recent  Destructors — Appendix  ; 
Results  of  Recent  Tests  of  Performances  at  various  Modern  Destructor 
Installations.  Numerous  Illustrations. 

PRESS  OPINIONS  OF  FIRST  ISSUE. 

“ Mr.  Maxwell  seems  to  have  consulted  every  known  authority.  He 
possesses  in  a satisfactory  degree  the  art  of  condensing  information,  and  the 
result  is  a book  which,  as  a mark  of  reference  on  the  subject,  stands  alone. 
. . .” — Engineer. 

“ This  is  the  first  work  in  the  English  language  dealing  in  a comprehensive 
manner  with  the  collection  and  disposal  of  garbage  and  other  city  refuse,  and 
we  are  pleased  to  add  that  it  is  a good  one.  . . .” — Engineering  News  and 

A merican  Railway  Journal. 

“ It  is  a book  which  it  would  be  worth  the  while  of  many  in  our  profession 
to  obtain,  read,  and  keep  for  reference.  . . . Electrical  engineers  will 
certainly  have  to  qualify  in  refuse-burning,  in  addition  to  the  other  branches 
of  knowledge  which  they  have  hitherto  had  to  master.  . . .” — Electrical 

Review. 

“ Mr.  Maxwell  has  produced  a most  serviceable  book.  . . . Such  a 

volume,  containing  results  up  to  date,  appears  at  a very  opportune  time,” 
. . . and,  “in  view  of  the  progress  now  being  made  in  the  direction  of 

refuse  cremation,  it  should  be  widely  read  by  engineers,  councillors,  and  all 
others  interested  in  municipal  works.” — Contract  Journal. 


Disinfection  and  the  Preservation  of 

Food,  together  with  an  Account  of  the  Chemical  Sub- 
stances used  as  Antiseptics  and  Preservatives.  By  SAMUEL 
RIDRAL,  D.Sc.  (Bond.).  Illustrated.  Third  Edition.  494  pages. 

Medium  8vo.  15s.  net.  [1903 

This  edition  has  been  entirely  re-written  and  revised,  with  such  additions  as 
to  bring  the  subject  up  to  the  present  time.  The  enlargement  of  the 
section  on  Food  Preservatives  will  make  it  a manual  of  practical  valuer 
to  those  engaged  in  many  of  our  largest  trades  and  industries. 

CONTENTS. — Introductory — Mechanical  Disinfection — Sterilisation  by  Heat 
— Chemical  Disinfectants — The  Non-metallic  Elements  and  their 
Derivations — Metallic  Salts — Organic  Substances — Compounds  Related 
to  the  Alcohols — Practical  Methods — Personal  and  Internal  Disinfection 
— Preservation  of  Food — Legal  Statutes  and  Regulations — Methods  and 
Analysis — Index. 
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Drainage  of  Property : Form  of  Deed  of 

Covenant  as  to.  Specially  prepared  for  District  Councils.  Blank 
space  for  Plans.  9d.  Special  terms  to  Councils. 


riodern  House  Drainage,  Plans,  and 

Dia$rrams.  By  QERAKD  .1.  G.  JENSEN,  C.E.  Sizel/^iu.  by  22Jin., 
in  Two  Sheets  folded  in  Cloth  Case,  Is.  6d.  net.;  mounted  on  Linen  and 
folded  in  Thumb  Case,  2s.  6d.  net.  [1904 

“ . . . . The  architect  and  builder  are  often  in  want  of  a'  compact 

plan  illustrating  the  principles  of  house  drainage,  showing  the  several  modes 
of  connection  between  closets  and  fittings,  and  the  waste-pipes,  anti-syphonage 
pipes,  bath  and  lavatory  connection  ; also  the  plan  of  a house,  showing  the 
lines  of  stoneware  and  iron  drain  pipes,  outlet  ventilator,  and  air  inlet,  gully 
traps,  &c.  Mr.  Jensen’s  two  sheets  will  enable  the  draughtsman  to  introduce 
these  details.” — Building  News. 

“ To  the  young  sanitary  engineer  or  plumber  we  consider  these  two  sheets 
to  be  of  great  value,  as  they  contain  particulars  which  can  be  applied  to 
sanitary  works  of  all  kinds,  both  those  on  a small  scale  and  those  of  an  exten- 
sive character.” — The  Plurnhcr  and  Decorator. 


Modern  Drainage  Inspection  and  Sanitary 

Surveys,  By  GERARD  J.  G.  JENSEN,  C.E.  Second  Edition, 
Revised.  Illustrated,  Crown  8vo.  2s.  6d.  net.  [1901 

This  volume  has  proved  itself  a thoroughly  reliable  text-book  on  the  subject 
of  which  it  treats.  It  is  indispensable  to  the  student,  while'the  qualified 
engineer  or  inspector  w'ill  find  it  teeming  with  valuable  hints  and  suggestions 


“ . . . Evidently  the  outcome  of  much  practical  experience.” — The. 
Lanctl. 

”...  Pull  of  value.  . . . Will  take  its  place  in  the  forefront. 

. , .” — Journal  of  the  Sanitary  Institute. 

“ . . . The  subject  is  treated  by  one  evidently  well  qualified  to  deal 
with  it.” — The  Contract  Journal. 

“ An  exceedingly  useful  and  practical  handbook  on  drain-testing  and 
sanitary  surveying,  and  it  is  certainly  as  concise  and  handy  an  exposition 
of  sanitary  inspection  methods  and  testing  appliances  as  we  know  of.’" — 
The  British  and  South  African  Export  Gazette. 
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House  Drainage  and  Sanitary  Fitments. 

By  GERARD  J.  G.  JENSEN,  C.E.  347  Illustrations.  257  papes. 
Crown  8vo.  5s.  net.  [1900 

CONTENTS. — General  Remarks — Disconnection— The  Planning  of  Hou'e 
Drainage — Miscellaneous  Materials  used  in  Drainage  Work — Form  ont 
Materials  of  Piping  used  in  Drainage  Work — Joints — Junctions  and 
Bends — Traps — Inspection  Eyes  and  Chambers — -Manhole  Covers — 
Gradients  and  Dimensions  of  Drains — The  Ventilation  of  Drains,  &c. — 
Drain  Flushing  and  Flushing  Tanks — Trenches  and  Foundations  for 
Drains — Drain  Laying  and  Pipe  Fi.xing — Sanitary  Fitments — Lavatories 
— Baths — Sinks — Water-closets — Water  Waste  Preventers — Housemaid’s 
Slop  Sinks — Trough  Closets  and  Latrines — Waste  Water-closets — Urinals 
— Testing. 

“ Even  the  most  unacquainted  with  sanitary  matters  cannot  fail  by  a 
perusal  of  this  book  to  learn  how  to  correctly  arrange  the  drains,  &c.,  of 
houses.” — The  Engineer. 

“ We  can  heartily  recommend  it  as  a trustworthy  guide  to  the  subject  of 
which  it  treats.”—  The  Builder, 

“ . . . . Will  no  doubt  be  one  of  the  text-books  of  the  future.” — 

Sanitary  hurpcctors’  Journal. 

By-laws  as  to  House  Drainage  and  Sanitary 

Fittings  made  by  the  London  County  Council.  Annotated 
by  G.  J.  uENSEN,  C.E.  Second  Edition,  revised  and  enlarged.  109 
Illustrations.  Crown  8vo.,  3s.  6d.  net.  [1908 

This  work,  which  has  been  brought  up  to  date  by  the  inclusion  of  the  new 
By-laws,  will  be  found  useful,  not  only  in  London  but  in  Urban  districts 
generally.  As  the  by-laws  of  these  districts  are  mostly  based  upon  the 
Jlodel  By-laws  of  the  Local  Government  Board,  and  are  therefore  very 
similar  in  character  and  wording  to  those  contained  in  this  volume, 
footnotes  have  been  appended  where  they  have  been  found  to  differ 
materially. 

Cast  Iron  House  Drainage. 

reference  to  the  Drainage  of  Town  Houses. 

JENSEN.  Crown  8vo  , 4s.  6d.  net. 

Some  Press  Opinions. 

“ ...  It  covers  the  whole  ground  of  domestic  sanitation  wherever 

piping  is  required.  Not  only  does  the  author  describe  the  various  methoi^s 
in  vogue,  but  he  discusses  the  scientific  reasons  why  one  should  be  preferred 
to  another  . . . will  be  found  of  especial  use  to  architects,  builders,  and 

plumbers.” — The  British  South  African  Ex-port  Gazette. 

“ . . . Clear,  readable,  and  thoroughly  practical.” — Public  II ealth. 

“ . . . Will  be  useful  to  all  who  have  to  carry  out  drainage  systen;-  ” 

— The  A rchitect. 

“ . . . Can  be  recommended  as  a convenient  and  useful  book.” — The 

Builder. 
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Factory  and  Workshop  Act,  1901 : Duties 

of  Local  Authorities  (County  Boroughs,  Non=County 
Boroughs,  Urban  District  Councils,  and  Rural  District 
Councils.  By  JAMES  ROBERT  KA.YE,  M.B , D.P.H.,  County 
Medical  Officer  for  the  West  Riding  of  Yorkshire.  Second  Edition. 
Crown  Svo.,  2s.  net.  [1906 

This  book  has  been  compiled  with  a view  of  assisting  Sanitary  Officers  and 
others  to  a better  comprehension  of  their  duties  under  this  important  Act. 

Part  I.  sets  out  the  duties  of  Local  Authorities  under  the  several 
headings,  and  indicates  (by  framed  marginal  notes  having  reference  to 
Part  II.)  the  particular  classes  of  work  to  which  each  duty  is  to  be 
applied  by  the  District  Council. 

Part  II.  gives  briefly  the  practical  definition  of  the  various  premises 
to  which  the  Act  applies,  and  also  shows  what  duties  are  to  be  performed 
by  Sanitary  Authorities  in  regard  to  each. 

Part  III.  contains  suggestions  for  books  to  be  kept  by  Sanitary 
Authorities  in  order  to  effectually  carry  out  their  duties. 

Elementary  Science  applied  to  Sanitation 

and  Plumbers’  Work.  By  A.  HERRING-SHAW,  R.P.C.,  Assoc. 
R.  San.  Inst.,  Vic.  Univ.  San.  Cert.  Hours.  Silver  Medallist ; Lecturer, 
&c.,  Mun.  School  of  Technology,  Manchester.  Illustrated.  2-34  pages. 
Demy  Svo.  2s.  9d.  net.  [1906 

A popular  text-book  for  Students  of  Sanitary  Engineering  and  Plumbers’ 
Work,  which  should  be  in  the  hands  of  all  Sanitary  Inspectors,  Plumbers, 
and  Students  of  Sanitary  Science. 

Food  Inspectors’  Handbook : A Practical 

Guide  for  Medical  Officers  of  Health,  Aleat  Inspectors, 
Army  Officers,  Students,  and  Others,  By  FRANCIS  VACHER, 
Medical  Officer  of  Health  for  Cheshire.  Fifth  Edition,  Thoroughly 
Revised  and  Greatly  Enlarged,  the  Section  on  Meat  being  practically  re- 
written. Many  new  Illustrations  from  original  specimens,  and  Coloured 
Frontispiece.  Crown  Svo.  7s.  fid.  net.  [1909 

CONTENTS. — The  Food  Inspector;  His  Qualifications  and  Obligations. 
Statutory  Powers.  Statutory  Powers  Continued ; Adulteration  of  Food. 
.\uimals.  Carcases,  and  Butchers’  Meat.  The  Diseases  of  Animals  which 
render  Meat  unfit  for  Human  Food.  The  diseases  of  Animals  which 
Depreciate  the  Quality  of  the  Meat,  Render  Portions  of  the  Carcase  Unfit 
for  Human  Food,  or  in  the  Later  Stages  Unfit  the  whole  Carcase  for 
Human  Food  Poultry  and  Game.  Fish.  Fruit  and  Vegetables.  Corn, 
Bread,  and  Flour.  Milk.  Arrowroot  aud  similar  Preparations.  Butter 
and  its  Substitutes.  Cheese,  Lard,  and  Eggs.  Tea,  Coffee,  Cocoa,  and 
Sugar.  Condiments,  Spices,  kc. 
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Gas:  Illuminating  Power  of  Gas:  A Table 

for  Ascertaining  the  True  Illuminating  Power  of  Gas 
Deduced  from  Pole’s  Law.  By  W.  J.  DIBDIN,  F.I.C..  F.C.S. 
Size  30  by  22.  21s.net.  [1903 

The  table  is  applicable  for  any  gas,  whatever  the  illuminating  power,  provided 
the  standard  rate  of  consumption  is  the  usual  parliamentary  one  of  five 
cubic  feet  per  hour. 

The  table  is  printed  on  stiff  board,  protected  by  brass  rim  and  varnished,  and 
is  accompanied  by  a descriptive  pamphlet  fully  explaining  the  law  ; 
the  table  calculated  therefrom,  with  a number  of  illustrations  of  its 
working,  and  an  abstract  from  the  table,  which  is  suitable  for  directly 
reading  the  illuminatine:  values  of  gases,  such  as  are  ordinarily  met  with 
in  gasworks  practice,  in  a manner  comparable  to  the  well-known  method 
of  ascertaining  the  “ Tabular  Number  ” for  correcting  the  volume  of  a gas 
and  standard  temperature  and  pressure. 

Public  Lighting  by  Gas  and  Electricity. 

By  W.  J.  DIBDIN,  F.I.C.,  F.C.S.,  &c..  Formerly  Chemist  and  Super- 
intending Gas  Examiner  to  the  London  County  Council.  With  numerou.s 
Illustrations,  Diagrams,  and  Tables.  537  pages.  Demy  Svo.  21s.  net. 

[1902 

The  subject  matter  is  dealt  with  under  the  following  chapter  headings  : — • 
Artificial  Light — Its  Source  and  Measurement — Photometers — Radial 
Photometry — Illuminating  Value  of  Coal  Gas — Jet  Photometer — Physical 
Properties  of  Coal  Gas — Chemical  Composition  of  Coal  Gas — Enrichment 
— Methods  of  Enrichment — Gas  Meters — Gas  Burners — Incandescent  Gas 
Lighting  — Self-intensifying  Gas  Pressure  — Anti-vibrators  — Lamp 
Governors  and  Average  Meter  System — Torch  Lighting  and  Extinguishing 
— Street  Lighting  Tab!e.s — Effects  of  Improved  Methods  of  Lighting  by  Gas 
— Heating  Value  of  Coal  Gas — The  Generation  of  Dynamic  Electricity  by 
Mechanical  Means — Electric  Generators — Electromotors — Transformers — 
Measurement  of  Current — Distribution  of  Light — Efficiency  of  Arc  and 
Electric  Incandescent  Lamps — Comparison  of  Cost  and  Heating  Effect  of 
Lighting  by  Gas  and  Electricity — Practical  Examples  of  Electric  Lighting 
by  Direct  and  Alternating  Current  Systems — Acetylene — American 
Experience. 

APPENI>ICES  ; — Board  of  Trade  Regulations  as  to  Electricity  Supply. 
Electric  Lighting  Acta,  1882  to  1890.  Provisional  Orders.  Table  for 
Use  with  Carcel  Lamp.  Table  for  Use  with  Candles.  Tables  I.  to  IV. — 
Public  Lighting  in  England. 

Healthy  Homes.  By  Francis  Vacher,  County 

Medical  Officer  for  Cheshire.  Second  Edition.  Fully  Illustrated.  167 
pages.  Crown  8vo.,  2s.  6d.  net.  [1901 

CON  TENTS. — Introduction — Site — Soil- Aspect — Building  Material  — Con- 
struction— Design  and  General  Arrangement — Warming — Lighting — 
Ventilation — Hot  and  Cold  Water — Sanitary  Requisites — Decoration 
and  Furniture — Stable.s — Cowhouses,  &c. — How  to  Keep  the  House  Clean 
— Obligations  of  Householders  and  Sanitary  Authority. 
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Digest  of  Public  Health  Cases.  By  J.  E.  K. 

STEPHENS,  Barrister-ak-Law.  626  pages.  8vo.  21s.  net.  [1902 

“ This  volume  will  form  a very  useful  supplement  to  the  ordinary  text- 
books on  the  Public  Health  Acts.” — Municipal  Jourwd. 

“ The  book  should  be  useful  to  all  connected  with  local  government  affairs, 
as  well  as  to  lawyers.” — Law  Quarterly  Review. 

“ Should  prove  very  serviceable  to  legal  practitioners,  and  other  persons 
specially  interested  in  public  health  law.” — Laiv  Journal. 

“ We  nave  no  doubt  that  Mr.  Stephens’  book  will  find  a place  on  the  shelves 
of  the  numerous  class  of  persons  who  are  associated  with  the  administration 
of  the  public  health  statutes.” — Justice  of  the  Peace. 


Digest  of  Highways  Cases.  By  J.  E.  Pi. 

. STEPHENS,  Barrister-at-Law.  650  pages  8vo.  21s.  net. 

I This  work  contains  in  full  all  the  principal  statutes  relating  to  Highways  and 

Bridges  from  Magna  Charta  down  to  the  Locomotives  on  Highways  Act, 
1898,  together  with  an  epitome  of  all  the  cases  decided  in  the  High  Court 
from  the  earliest  times  down  to  Easter  Term,  1903.  There  are  numerous 
cross  references,  and  a complete  table  of  cases  giving  the  page  on  which 
each  case  is  referred  to  in  the  body  of  the  book.  The  subjects  with 
which  the  cases  deal  are  placed  in  alphabetical  order,  and  there  is  in 
addition  a complete  index  to  all  the  matter  contained  in  the  bock.  By 
means  of  the  index  it  will  be  easy  to  find  not  only  all  the  cases  dealing 
with  a particular  point,  but  also  all  the  sections  of  the  various  statutes 
dealing  with  the  same  point.  No  other  Digest  relating  to  Highways  has 
ever  been  published  on  the  same  lines  as  the  present  one.  [1903 

; ‘‘  This  is  one  of  the  most  useful  books  on  highway  law  that  has  yet  been 

j published,  and  as  the  digest  is  supplemented  by  all  the  important  Highway 

I Acts,  the  volume  makes  a complete  hand-book  to  highway  law.  . . . No 

other  digest  relating  to  highways  has  ever  been  published  on  the  same  lines 
as  the  present  one.” — Local  Governvieiit  Chronicle. 

i “A  more  useful  compilation  of  cases  could  hardly  have  been  made.” — Lam 

\ Notes. 

“ We  can  heartily  recommend  the  book  to  highway  authorities  and  their 
surveyors  and  advisers.” — Surveyor. 

“Everyone  who  in  his  professional  capacity  has  much  to  do  with  highways 
j will  find  this  work  useful.” — Solicitors’  Journal. 

I “ A book  of  this  kind,  which,  as  it  were,  consolidates  in  a form  that  i.s 

I handy  for  reference  the  whole  of  the  law  upon  a particular  important  subject, 

j must  prove  of  very  considerable  advantage  both  to  professional  men  ami 

‘ laymen.  . . . The  usefulness  of  the  book  is  increased  by  the  inclusion  or 

the  principal  statutes  dealing  with  highways,  bridges,  and  locomotives  on 
I highways.  An  index  that  appears  to  be  reliable  makes  the  book  complete.” — 

Estates  Gazette. 


S,  FETTER  LANE,  LONDON,  E.C. 


THE  SANITARY  PUBLISHING  Co.,  Ltd. 


11 


Oolden  Rules  of  Hygiene.  By  F.  W.  Waldo, 

M.A.,  M.D.  (Cantab).  Is.  net. 

Guide  to  the  Medical  Inspection  of  School 

Children.  By  C.  J.  RUSSELL  McLEAN,  M.O.H.  Doncaster  and 
Tickhill  U.D.C.  Od.  net. 

Hygiene:  Diagrammettes  for  Teachers  and 

Students  of  Hygiene.  By  W.  H.  KNIGHT.  Fourth  Edition. 
63  pages,  llj  X 8.  ls.net.  [1906 

Infection : Dangerous  Infectious  Diseases. 

By  Dr.  FRANCIS  A^ACHER,  M.O.H.,  Cheshire.  Is.  6d.  net.  [1897 

The  Prevention  of  Infection  in  Public 

Vehicles.  By  ALFRED  GREENWOOD,  M.D.,  Ch.B.,  Medical  Officer 
of  Health,  Crewe.  Is.  net. 

The  object  of  this  work  has  been  to  describe  the  conditions  at  present  existing 
in  public  vehicles  which  tend  to  spread  disease,  and  to  make  certain 
recommendations  which,  if  carried  out,  would  improve  the  conditions 
materially.  [1902 

Lime,  Mortar,  and  Cement : Their  Com= 

position  and  Analysis.  By  W.  J.  DIBDIN,  F.I.C.,  F.C.S.,  late 
Chemist  to  the  London  County  Council.  227  pages.  Crown  8vo., 
5s.  net. 

Will  prove  invaluable  to  Surveyors,  Municipal  Engineers,  Builders,  Clerks  of 
Works,  &c. 

Introduction — Characteristics  of  various  Limes — Clay — Sand  and  its  Sub- 
stitutes— Mortar  and  Cement — The  Setting  of  Mortar  and  Cements — 
Rough  Technical  Tests  of  Mortar  without  Chemical  Analysis — The 
Chemical  Analysis  of  Lime,  Mortar,  Cement,  &c. — Typical  Analyses  of 
Mortar  and  Cement — Mechanical  Tests  of  Cement — The  Adulteration 'of 
Portland  Cement — The  Strength  of  Brickwork — Concrete — Artificial 
Stone — Asphalt. 

“We  recommend  this  book,  not  only  as  an  excellent  text-book  for  students, 
but  also  as  a practical  treatise  for  practical  men.” — British  Architect. 

Mathematical  Drawing  Instruments  and 

Materials,  Embracing  all  Sundries  used  for  Drawing,  as  also  Materials 
for  Copying  Tracings  by  Photography.  Explanation  of,  and  instructions 
for  using  Slide  Rules,  Scales,  Curves,  Drawing  Apparatus,  Drawing  and 
Tracing  Papers  and  Cloths,  and  Mounted  Papers,  with  instructions  for 
Mounting  and  Varnishing.  Full  particulars  of  all  latest  improvements 
and  specialities  to  date.  By  A.  G.  THORNTON.  Numerous  Illustra- 
tions. 254  pages.  Crown  8vo.  3s.  6d.  net.  [1906 
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node!  Answers  to  Questions  set  by  the 

Sanitary  Institute.  The  entire  work  has  been  re-modelled  and 
brought  up  to  date.  With  numerous  Illustrations  and  Diagrams.  Crown 
8vo.  2s.  6d.  net.  [1909 

This  volume  is  primarily  compiled  for  candidates  for  the  examination  of  the 
Sanitary  Institute  for  Sanitary  Inspectors,  and  contains  model  answers 
to  some  150  questions  which  have  been  set  at  examinations  between  the 
years  1906  and  1903.  The  questions  have  been  carefully  selected  to 
illustrate  the  various  subjects  which  are  dealt  with  in  the  Institute’s 
syllabus,  and  the  answers  have  been  compiled  by  one  who  thoroughly 
understands  the  subjects  of  which  he  writes.  There  is  a good  chapter  on 
“ Advice  to  Candidates,”  a list  of  text-books  to  be  studied,  and  numerous 
illustrations.  The  volume  will  not  only  be  found  useful  to  candidates — 
to  whom  it  must  prove  of  very  great  value — but  also  to  acting  Inspectors, 
as  it  deals  with  subjects  which  are  continually  occurring  in  practice,  and 
explains  in  general  the  best  and  most  up-to-date  methods  of  overcoming 
difficulties  which  present  themselves. 

Municipal  Engineering.  Model  Answers  to 

Questions  Set  at  Recent  Examinations  of  the  Incorporated  Association 
of  Municipal  and  County  Engineers.  192  pages.  3s.6d.net.  [1901 

Municipal  Engineering:  British  Progress 

in.  By  WILLIAM  H.  MAXWELL,  Assoc.  M.  Inst.  C.E.  Fully 
Illustrated.  Super  Royal  8vo.  6s.  net. 

Road  Engineering  and  Maintenance  — Main  Drainage  — Sewage  Disposal 
Destructors — Water  Supply. 

The  Ox:  Its  External  and  Internal 

Organisation.  By  A.  SEYFFERTH,  Municipal  Veterinary  Surgeon 
to  the  District  of  Fiirth.  Revised  and  Edited  by  Professor  G.  T. 
. BROWN,  C.B.  Witli  Coloured  Anatomical  Plates  and  Descriptive  Matter 
New  Edition.  3s.  6d.  net. 

Uniform  with  the  above  in  size  ..nd  price.  3s.  6d.  each  net. 

The  Horse,  the  Sheep,  and  the  Pig. 
Public  Health : Sanitary  Law  and  Prac= 

tice.  A Handbook  on  Public  Health  for  Students,  Sanitary  Inspec- 
tors, and  all  engaged  in  municipal  and  public  health  works.  By  W. 
ROBERTSON,  M.D.  (Glas.),  D.P.H..  Medical  Officer  of  Health,  Leith,  and 
CHAS.  PORTER,  M.D.  (Ed.),  B.Sc.,  Barrister-at-Law  (liliddle  Temple), 
Medical  Officer  of  Health,  Metropolitan  Borough  of  Finsbury.  M ith 
numerous  Illustrations.  Demy  8vo.  10s.  6d.  net.  Second  Edition, 
in  preparation.  Ready  early  in  March  next. 

S.  FETTER  LANE.  LONDON.  E.C. 
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This  work  has  been  carefully  revised,  and  greatly  enlarged.  Among  the 
Sections  of  importance  to  the  Student  and  Practitioner  of  Public  Health 
are  those  affecting  new  legislation  and  dealing  with  the  Public  Health 
and  other  Acts,  together  with  a description  of  the  Methods  of  Admipistra- 
tion  followed  in  actual  practice. 


Pkess  Opinions  to  First  Edition. 

“ . . . Ought  to  prove  a valuable  addition  to  the  library  of  the 

engineer,  the  builder,  and  the  arcliitect.” — Engineer. 

“ This  is  a valuable  handbook  for  students  who  propose  to  qualify  as  health 
oflBcials.  . . The  book  is  likely  to  be  in  great  request.” — Estates  Qazcttc. 

“ ...  As  a work  of  reference  and  as  a handy  guide  this  volume  will 

be  hard  to  beat.”  — Medical  Times. 

“The  chapters  on  ‘Infectious  Diseases’  and  ‘Sewers  and  Drains’  strike  ua 
as  being  valuable  in  drawing  attention  to  duties  which  are  of  the  utmost 
importance  to  the  community.” — The  Yorkshire  Post. 

“ The  range  of  subjects  includes  every  point  in  practical  administration, 
accompanied  by  numerous  illustrations.  . . . The  book  will  prove  invalu- 

able in  all  sanitary  work.” — Law  Times. 


Bacteriology,  Elements  of,  for  General 

Practitioners.  By  C.  J.  R.  McLEAN,  M.D.,  D.P.H.  6d.  net. 


The  Plumbers’  Company’s  Diagrams  for  the 

Use  of  Classes  of  Technical  Instruction  for  Plumbers. 

Size  8Jin.  by  oj^in.  Is.  each  net.  Nos.  1 and  2 now  ready. 

The  diagrams,  about  one-eighth  full  size,  are  the  first  of  a series  Intended  to 
illustrate  some  of  the  more  important  scientific  principles  underlying  the 
operations  of  the  plumber  ; types  of  apparatus  ; the  principles  of  their 
construction  ; and  the  workmanship  employed  in  fitting  them.  The 
diagrams  and  accompanying  descriptions  comprise : — Bends,  corbel  and 
washdown  w.c.’s,  hydrostatics,  lead  work,  levers  applied  to  ball  valves, 
overflows,  and  wastes,  soil-pipe  joints,  specific  gravity,  siphons,  trap 
showing  water  seal,  valve  closet,  ventilated  sink  waste  and  gulley.  The 
diagrams  are  admirably  e.vecuted,  and  will  be  of  value  not  only  to 
plumbers,  but  to  those  engaged  in  both  the  practice  and  study  of  sanita- 
tion. 
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Plumbing,  Defects  in,  and  Drainage  Works. 

New  and  Enlarged  Edition.  Illustrated  by  120  Woodcut.s.  By 
F.  VACHER.  Is.  Net.  [1900 


Plumbing:  Experiments  on  Hot  Water 

Systems.  By  A.  SAYERS,  Lecturer  on  Plumbing,  Municijml  Technical 
Institute,  Belfast.  With  Prefatory  Statement  by  F.  C.  FORTH,  Assoc. 
R.C.  Sci.  I.  With  Illustrations  and  Diagrams.  Crown  8vo.  3s.  net, 

[1906 

Plumbing,  Technical.  ByS.  Barlow  Bennett, 

Consulting  Sanitary  Engineer.  Second  Edition.  220  pages.  Royal  8vo. 
400  Illustrations.  3s.  6d.  net.  [1904 

CONTENTS. — General  Elementary  Science — Materials  used  by  Plumbers — 
Air  and  Ventilation — Water  Supply — Sanitary  Appliances  and  House 
Drainage  Work — Roof  Work — Geometry  for  Plumbers — Arithmetic  and 
Mensuration — Answers  to  Mensuration — -Hydraulics — Practical  Examina- 
tion Tests. 


Pocket  Notes  and  Remembrancer  for 

Sanitary  Inspectors.  Second  Enlarged  Edition.  Is.  net.  Compiled 
by  Mr.  J.  T.  COWDEROY,  Chief  Sanitary  Inspector  for  the  Borough  of 
Kidderminster. 


Premier  Self=Instructor.  Comprising  Direc- 
tions as  to  Course  of  Study  and  how  to  pursue  it.  Examinations, 
Questions,  and  Answers  (30  papers  in  all).  Second  Edition.  10s.  6d.  net. 

■Candidates  for  the  post  of  Sanitary  Inspector,  Inspector  of  Nuisances,  &c., 
for  the  Sanitary  Institute  Examination,  can,  with  this  Series  and  the 
help  of  books  mentioned  therein,  prepare  themselves  for  the  above 
examinations.  Simple  and  comprehensive. 

Address  all  communications  : The  Author,  “ Premier  Self- Instructor.”  care 
of  Sanitary  Publishing  Co.,  Ltd  , .6,  Fetter-lane,  London,  E.C. 


Reinforced  Concrete  and  Concrete  Block 

Construction  ; Manual  of.  By  CHARLES  F.  MARSH,  M.  Inst. 
C.E.,  and  WILLIAM  DUNN,  F.R.I.B.A.  Pocket  size,  limp  morocco 
with  Ti'2  Tables  of  Data  and  112  Diagrams.  7s.  6d.  net.  [1908 
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Roads : The  Construction  of  Roads,  Paths, 

and  Sea  Defences.  With  Portions  relating:  to  Private 
street  Repairs,  Specification  Clauses,  Prices  for  Esti  = 
mating,  and  Engineers’  Replies  to  Queries.  By  FRANK 
LATHAil.  C.E.,  Borough  Engineer  and  Surveyor,  Penzance.  With 
Illustrations  and  Tabular  Statements.  Crown  8vo.  221  pages.  7s.  6d. 
net. 

Introduction.  The  necessity  of  good  roads  for  traction,  line  of  roadway, 
setting  out,  drainage  and  coverings  of  roads,  road-rolling,  stone-breaking, 
paving  with  wood,  stone,  brick,  artificial  slabs,  &c.  Short  chapters  also 
deal  with  scavenging,  watering,  and  snow  removal  from  roads.  The 
portions  of  the  book  which  probably  afford  the  greatest  interest  are 
those  containing  new  material  on  sea-walls,  with  illustrations  of  walls  at 
Penzance  and  Margate,  and  also  short  chapters  on  road  bridges  and 
artificial  stone  plants.  ...  . Ucefui  specification  clauses  on  roads 
and  streets,  sewers  and  sea-walls,  and  also  a table  of  approximate  prices 
of  road  materials,  are  added  at  the  end  of  the  book,  and  in  a pocket  in 
the  cover  is  a tabulated  statement  of  details  of  road  construction, 
compiled  from  replies  of  various  engineers  and  of  interest  for  reference. 
The  book  will  prove  a useful  addition  to  the  professional  library.  [1903 


New  Streets:  Laying  Out  and  Making  Up. 

By  A.  TAYLtlR  ALLEN.  175  pages.  Crown  8vo.,  3s.  net. 

The  purpose  of  this  book  is  chiefiy  to  serve  as  a condensed  form  of  reference 
and  examples  of  carrying  out  the  essential  parts  and  work  entailed  by  the 
Surveyor  under  the  Public  Health  Act,  1875  (Sec.  160),  and  the  Private 
Street  Works  Act,  1892. 

Part  I.  deals  with  the  laying  out  and  general  construction  of  “ new  streets,” 
with  an  appendix  of  By-laws  with  respect  to  the  level,  width,  and  con- 
struction of  new  streets. 

Part  II.  comprises  the  points  which  have  to  be  considered  in  the  making  tip 
of  private  streets  under  powers  conferred  by  various  Acts,  with  selected 
enactments  and  an  appendix  of  the  Private  Street  Works  Act,  1892. 

Part  III.  consists  of  a reproduction  of  the  work  entailed  in  actual  practice,  and 
comprises  complete  Plans,  Specifications,  Estimates,  and  Apportionments, 
with  specimen  notices.  [1905 


Footpaths:  Their  Maintenance,  Construe^ 

tion,  and  Cost.  By  A.  TAYLOR  ALLEN,  C.E.,  Engineer  and  Sur- 
veyor, Portslade-on-Sea.  With  Illustrations,  Diagrams,  &c.  Crown  8vo 
6d.  net. 

This  little  hand-book  gives  the  mode  of  construction  of  pavings,  with 
approximate  coat,  and  a synop.sis  of  the  law  relating  to  existing  pavements, 
clauses  for  specification,  model  form  of  tender  and  specimen  quantities,  &c. 
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Sanitary  Law,  Handbook  of  Scotch.  By 

THOS.  W.  SWANSON.  Second  Edition.  2s.  6d.  net. 

A handbook  of  the  Law  relating  to  the  Public  Health  of  Scotland.  [190& 

Sanitation  of  Domestic  Buildings.  By  F. 

LATHA^I,  C.E.,  Assistant  Engineer  and  Surveyor,  Borough  of  Penzance. 
With  Introduction  by  BALDWIN  LATHAM,  C.E.,  F.G.S.,  E.R.M  S., 
Past- President  Society  of  Engineers.  Fully  Illustrated.  1-32  pages. 
Crown  Svo.,  2s.  6d.  net.  [189S 

General  Remarks — Drains — Section  of  Pipe.s — Junction  with  Drains — Soil 
Pipes — Ventilation  of  Drains — Traps  and  Gullies — Inspection  Chambers 
— Internal  Sanitary  Fittings — Flushing  Apparatus — Sinks — LTrinal — 
Drain  Testing — Baths  and  Lavatory  Basins,  &c. 

Sanitary  Engineer’s  Pocket  Report  Book. 

Compiled  by  E.  A.  SANDFORD  FAWCETT,  A.M.I.C.E.,  Mem.  San.  Inst. 

For  the  use  of  Sanitary  Engineers  and  Experts  in  Examining,  Testing,  and 
Reporting  on  the  Drainage,  Water  Supply,  and  General  Sanitary  Con- 
dition of  Premises. 

Contains  100  Report  Forms,  with  Index,  &c.  &c.  Leather  Binding,  with 
Elastic  Band.  7i  X 5.  2s.  net. 

Sanitary  inspection  Note  = Book.  (For 

Sanitary  Engineer.®,  Surveyors,  and  Inspectors  of  Nuisances).  Compiled 
by  GERARD  J.  G.  JENSEN,  C.E.  Price  Is.  net.  Special  Terms  to 
Municipal  Authorities. 

“ . . . The  various  headings  inserted  throughout  would  seem  to  render 

it  impossible  that  any  omission  should  occur  with  regard  to  sanitary  arrange- 
ments inspected.” — The  Surveyor. 

“If  carefully  followed  the  book  will  keep  the  Inspector  right  as  to  defects. 

It  is  a good  shilliugsworth.” — The  Sanitary  Inspectors  Journal. 

“ . , . The  Sanitary  Engineer  will  find  this  note-book  invaluable.” 

— Institute  of  S<mitary  Engineers'  Transactions. 

Sanitary  Inspector’s  Guide.  By  H. 

LEMOINSON-CANNON.  2.57  pages.  Crown  Svo.  3s.  Gd.  net. 

Sanitary  Record,  The,  and  Journal  of 

Sanitary  and  Municipal  Engineering;.  Vol.  XLIL,  July  to 
December,  1908.  Cloth,  Gilt.  8s.  Gd.  net. 

Cloth  Cover,  Gilt,  for  Bindingf  Six  Months'  Numbers. 

Is.  Gd.  net. 
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Sanitary  Science,  Essentials  of.  By  Gilbert 

E.  BROOKE.  M.A.  (Cantab.),  L.R.C.P.  (Ediu.).  D.P.H.,  F.R.O  S.,  Fell, 
of  the  Royal  lusticute  of  Public  Health.  Port  Health  Ofticer,  Sincapore. 
Illustrated.  Crown  8vo.  6s.  net.  [1909 


Sewage  Works  Analyses.  By  S.  J.  Fowlee, 

M.Sc.  (Viet.),  F.l.C.  Illustrated.  Crown  8vo.  6s.  net. 


Sewage  and  the  Bacterial  Purification  of 

Sewage.  By  S.  RIDEAL,  D.Sc.  (Lond.),  &c.  Third  Edition.  Revised 
Throughout.  Illustrated.  35.5  pages.  8vo.  16s.  net. 

•CONTENTS  — Characters  of  Sewage  and  Primary  Methods  of  Disposal — 
Chemical  Analyses  of  Sewage  Effluents — Bacteria  occurring  in  Sewage — 
Irrigation  and  Sewage  Farms — Subsidence  and  Chemical  Precipitation — 
Sterilisation — Bacterial  Purification — Agricultural  Value  of  Bacterial 
Effluents — Distribution  and  Distributors — Trade  Effluents — Index — 
Numerous  Illustrations.  [1906 

In  this  work  the  author  incorporates  the  further  experiences  which  have  been 
gained  in  the  bacterial  methods  of  sewage  disposal  during  the  past  five 
years,  and  have  embodied  the  conclusions  of  the  Royal  Commission  so  far 
as  they  have  been  published. 

“ No  word  from  'us  is  needed  to  recommend  Dr.  Rideal’s  book.  His  name 
is  well  known  the  world  over,  “.nd  we  need  only  add  that  the  present  work 
certainly  ranks  among  the  classics  of  the  literature  of  sewage  disposal,  and  is, 
in  our  opinion,  one  of  the  best,  if  not  the  best,  book  on  the  subject  ever  yet 
pu  bl  ished.” — Enyinecr. 


Sewage,  The  Bacterial  Treatment  of.  A 

Handbook  for  Councillors,  Engineers,  and  Surveyors.  By  GEORGE 
THUDICHUM,  F.C.S.  Paper  cover,  l.s.  net. 


Sewage  Disposal,  Modern  Methods  of.  A 

Practical  Handbook  for  the  use  of  Members  of  Local 
Authorities  and  their  Officials.  By  W.  H.  TRENTHAM, 
M.I.M.E.,  M.I.E.E.,  and  JAMES  SAUNDERS,  A.M.I.C.E.,  M.I.M.  & C.E., 
A.R.I.B.A.  Illustrated.  Crown  8vo.  2s.  fid.  net.  [1909 

•CONTENTS. — Introduction — Sewerage  Systems — Powers  and  Duties  imposed 
on  Local  Authorities  by  the  Legislature —Sewage  Purification — Land 
Treatment  of  Sewage^ — Artificial  Primary  Treatment  of  .Sewage — Artifi- 
cial Secondary  Treatment  of  Sewage — Storm  Water  Filters — The  Ideal 
Method  of  Treating  .Sewage — Conclusion. 
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Sewage  Disposa! : A Resume,  Historical  and 

Practical,  with  Notes  and  Comments.  By  W.  H.  KNIGHT. 

Gd.  net. 

" . . . . The  whole  forms  a useful  series  of  drawings,  valuable  not 

only  to  engineers,  but  also  to  those  who  are  contemplating  having  such  work 
carried  out  for  them.” — Engineer.  [1904 

Sewage,  Recent  Improvements  in  Methods 

for  the  Biological  Treatment  of.  With  a Description  of  the 
Author’s  Multiple  Surface  Biological  Beds,  for  eftectually  dealing  with 
Suspended  Matter,  with  Aerobic  Action  throughout.  By  W.  J.  DIBDIN, 
F.I.C.,  F.C.S.,  &c.  Second  Edition,  revised  and  enlarged.  Is.  net.  [1907 

Sewage  and  Water,  The  Purification  of. 

By  W.  J.  DIBDIN,  F.I.C.,  F.C.S.,  &c.,  formerly  Chemist  to  the  London 
County  Council.  Third  Edition.  Re-written  and  considerably  Enlarged. 
With  additional  Tables,  Illustrations,  and  Diagrams.  .379  pages.  Demj’ 
8vo.  21s.  net. 

SYNOPSIS  OF  CONTENTS. — General  Considerations.  Antiseptics,  or 
Preservation  for  Limited  Periods  ; Bacteriological  Methods.  Precipita- 
tion. Experiments  at  Massachusetts  and  London.  Sutton  Experiments. 
The  Septic  Tank  aud  other  Systems.  Land  Treatment  v.  Bacteria 
Beds.  Manchester  Experiments.  Leeds  Experiments.  The  Bacterial 
Treatment  of  Factory  Refuse.  Screening.  The  Purification  of  the 
Thames.  The  Discharge  of  Sewage  into  Sea-water.  The  Filtration  of 
Potable  Water.  Systematic  Examination  of  Potable  Water.  The 
Character  of  the  London  Water  Supply.  The  Action  of  Soft  Water 
upon  Lead.  The  Absorption  of  Atmospheric  Oxygen  by  Water. 
Analyses  and  their  Interpretation.  Ventilation  and  Deodorisation  of 
Sewers.  The  Royal  Commission  on  Sewage  Disposal.  Appendices:  (I.) 
Examination  for  Matters  in  Suspension.  (H.)  Dissolved  Oxygen.  [1903 

“.  . . . It  is  quite  obvious  that  this  book  will  serve  as  a very  valuable 

source  of  reference  upon  the  subject  of  purification  of  sewage  by  organisms. 
It  will  be  of  service  to  those  interested  both  in  the  theorj'  and  the  practice  of 
the  resolution  of  complex  waste  injurious  compounds  into  simple  innocuous 
substances.  The  sanitary  engineer  and  the  bacteriologist  will,  as  a matter  of 
course,  avail  themselves  of  the  very  practical  and  valuable  experience  recorded 
by  Mr.  Dibdin.” — Lancet. 

“ The  condensed  summaries  of  the  results  obtained  in  various  places  are, 
by  themselves,  most  valuable.” — Engineer. 

“ Is  indispensable  to  everyone  dealing  with  the  complicated  problems  to 
the  discussion  of  which  it  is  devoted.” — Survegor. 

“ Those  who  are  attempting  to  keep  posted  on  the  subject  of  sewage  dis- 
posal will  find  this  book  of  great  value.”- — Engineerhig  News,  New  York. 

“This  book-contains  an  immense  amount  of  information  on  a subject  which 
the  author  has  made  a life  study  of,  and  it  cannot  but  be  of  the  greatest  value 
to  all  who  have  to  advise  upon,  or  are  in  any  way  interested  in,  this  import- 
ant subject.” — The  Anahist. 
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Sewage  Problem.  A Review  of  the  Evidence 

Collected  by  the  Royal  Commission  on  Sewage  Disposal  By  ARTHUR 
J.  MARTIN,  Assoc.  M.  Inst.  C.E.  363  pages.  Crown  8vo.  tss.  6d.  net. 

CONTENTS. — The  Purification  of  Sewage  on  Ijand.  Are  some  sorts  of  Land 
unsuitable  for  the  Purification  of  Sewage  ? The  Purification  of  Sewage 
in  Artificial  Works.  Is  it  practicable  to  produce  by  Artificial  Processes- 
an  Effluent  which  shall  not  putrefy?  Chemical  Precipitation.  Principles 
involved  in  the  Bacterial  Purification  of  Sewage.  The  Need  for  Prelimi- 
nary Treatment.  Preliminary  Bacterial  Processes.  Comparative  Value 
of  Modes  of  Preliminary  Ti#atment.  Final  Treatment.  Bacterial  Filters. 
Contact  Beds.  Flow  Filters.  Filtering  Material.  Contact  Beds  versus 
Trickling  Filters.  Filters  versus  Land.  Other  Aspects  of  the  Problem. 
Supplementary  Reports  on  Lana  Treatment,  &c.  The  Outlook.  Appen- 
dix A. — Brief  Chronological  Summary.  Appendix  B. — List  of  Reports 
issued  by  pre.sent  Commission.  Index  to  Witnesses.  Index  to  Subject 
Matter.  [1905 

“To  those  interested  in  the  subject  this  book  is  of  very  considerable 
value,  as  giving  in  compact  form  a ver^  fairly  complete  account  of  the  doings 
of  the  Commission.” — The  Engineer. 

“ As  an  educational  book  to  every  sewerage  engineer  of  what  has  been  done 
and  is  being  done,  and  as  an  epitome  of  the  opinions  of  the  ablest  engineers 
and  chemists,  the  book  in  question  cannot  be  surpassed. — The  Sanitary  Record. 

“ He  has  dealt  with  the  whole  question,  so  far  as  it  has  been  investigated' 
by  the  Royal  Commissioners,  with  an  open  mind.  This  labour  of  scientific 
compilation  will  be  widely  appreciated  by  all  those  concerned  in  this  great 
sanitary  question.” — The  Lancet. 

“ It  is  eminently  a work  which  should  be  in  the  possession  of  everyone 
interested  in  the  question  of  sewage  treatment,  containing,  as  it  does,  the 
essence  of  the  fourteen  volumes  issued  by  the  Commission.” — The  Surveyor. 

‘‘Hearty  thanks  are  due  to  the  author  for  the  great  service  he  has 
rendered  engineers  and  sanitarians  in  digesting  and  classifying  the  evidence 
collected  by  the  Royal  Commission  on  Sewage  Disposal.” — Engineering  News, 
New  York. 

“ Mr.  Martin  has  provided  a book  which  will  be  eagerly  sought  after  by 
members  of  Sewage  Committees  and  others  who  are  appalled  at  the  mass  c f 
matter  in  the  numerous  Blue-books  published  by  the  Commission.  He  is  to 
be  congratulated  upon  the  impartial  way  in  which  he  has  marshalled  the 
evidence.” — Nature. 

The  book,  which  runs  to  363  pages  and  contains  an  excellent  index,  can 
be  heartily  recommended  to  all  who  wish  to  obtain  a concise  and  connected 
account  of  modern  expert  knowledge  on  all  the  most  important  aspects  of 
the  sewage  problem.” — The  Builder. 

Sewage,  Purification  of,  by  Bacteria.  By 

ARTHUR  J.  MARTIN,  Assoc.  M.  Inst.  C.E.  Fifth  Edition.  Paper 
cover.  6d.  net.  New  Edition  in  preparation. 
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Sewage  Problem,  The  Full  Solution  of. 

Being  the  Presidential  Address  to  the  Association  of  Managers  of  Sewage 
Disposal  Works  at  Carshalton,  March  28th,  190-3.  By  W.  D.  SCOTT 
MONCRIEFF.  6d.  net.  Paper  cover.  1904 

Sewage,  flodern  Treatment  of.  The  Pre- 
paration of  Schemes,  Laying  of  Sewers,  and  Sewage  Disposal.  By  H.  C. 
H.  SHENTON,  M.S.E.  Second  Edition.  Illu.strated.  Crown  8vo. 
2s.  6d.  net. 

Sewage  Sludge,  Utilisation  of.  By  Professor 

W.  B.  BOTTOMLEY,  M.A.  Paper  cover.  6d.  net. 

Sewage:  Local  Government  Board  Re= 

quirements.  Sewage  Disposal  Schemes.  By  S.  H.  ADAMS. 
Second  Edition.  2s.  6d.  net.  , “ [1903 

Sewage  : Simple  Methods  of  Testing  Sewage 

Effluents,  for  Works  Managers,  Surveyors,  &c.  By  GEORGE 
THUDICHUM,  F.I.C.  Foolscap  8vo.  2s.  6d.  net. 

•CONTENTS. — Introduction — The  Method  of  Collecting  Samples — Examina- 
tion for  Colour,  Odour,  &c. — Chemical  Tests — Behaviour  on  Keeping — 
Meaning  of  Results  of  Analysis — Standards — The  Care  of  Bacterial 
Filters — Appendix.  [1905 

Sewage  Engineers’  Note-Book.  Standard 

Notes  on  Sewer  Formulae  and  Sewer  Calculations.  By  A. 

WOLLHEIM,  Assoc.  M.  Inst.  C.E.  Second  Edition.  3s.  6d.  net. 

Sewer  and  Drain  Cases,  Handbook  of. 

By  J.  B.  R.  CONDER.  2s.  6d.  net.  [1904 

Sewers  and  Drains.  Law  Affecting.  With 

Plans.  By  A.  P.  POLEY.  Medium  8vo.  5b.  net.  [1905 

The  Effective  Dispersion  of  Noxious  Gases 

in  Sewers  and  Drains.  By  FRANK  LATH.-VM,  C.E.,  Borough 
Engineer  and  Surveyor,  Penzance.  Paper  cover.  6d.  net. 

Tables  of  Flow  in  Circular  Sewers  and 

Pipes.  By  J.  P.  DALTON.  9d.  net.  New  Edition. 
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Smoke  Prevention,  Practical.  By  W. 

NICHOLSON,  Smoke  Inspector,  Sheffield.  151  page.s.  Crown  8vo. 
3s.  6d.  net. 

CONTENTS. — Colours  and  Densities  of  Smoke — Smoke  from  Private  Dwelling 
House  Chimneys — Black  Smoke  from  Steam  Boilers — Certain  Cures — Air 
in  the  Furnace — Smoke  - preventing  Appliances — Black  Smoke  from 
Metallurgical  Furnaces — Special  Furnaces — Mechanism  to  the  Use  of  Man 
• — Gas- fired  Furnaces — Low  Chimneys — General  Conclusions. 

“ Deserves  the  attention  of  both  workmen  and  manufacturers.” — Sheffield 
Weekly  hidepoident. 

“ Such  practical  hints  should  be  of  the  utmost  value.” — Sheffield  Daily 
Independent. 

“ The  book  should  be  in  the  hands  of  every  person  interested  in  this 
question.” — Surveyor. 

“The  book  is  well  written,  and  with  abundance  of  proof  and  sound 
argument.” — Ashton-undcr-Lync  Weekly  Herald. 

“ IVe  should  dearly  like  to  see  a copy  of  this  book  in  every  fireman’s  hands, 
and  to  compel  our  leading  manufacturers,  and  especially  our  Sanitary  Com- 
mittees, to  pass  an  examination  in  it.” — The  Dawn. 

“ It  is,  we  feel  assured,  for  the  public  good  that  this  book  should  be 
carefully  studied.” — Sheffield  Daily  Tdeqraph. 

Smoky  Fogs,  How  to  Prevent.  By  Artpiur 

J.  MARTIN.  Is.  net.  1.1906. 

Ventilation,  Heating,  and  Lighting.  By 

ML  H.  MAXWELL,  A.M.I.C.E.,  Borough  Engineer,  Tunbridge  Wells 
Corporation.  Profusely  illustrated.  Second  Edition  Revised  and 
Enlarged.  Crown  8vo.  3s.  net.  [1907 

A thoroughly  practical,  concise  handbook,  much  used  by  practical  men 
scientific  institutions,  and  candidates  for  sanitary  science  examinations. 

“ The  book  will  not  only  be  useful  to  candidates  for  examination,  but  also 
to  busy  meu  in  practice  who  desire  a summary  of  the  chief  points  to  be 
observed  in  carrying  out  any  schemes  of  ventilation,  lighting,  and  heating,  ’ 

West  Riding  of  Yorkshire  Sanitary  Lec= 

tur  es.  This  important  series  of  Lectures  on  Sanitation  to  the  Health 
Officers  of  Yorkshire  (West  Riding)  in  pamphlet  form,  6d.  each. 

No.  L— Nuisances  anti  Methods  of  Inspection.  By  SPOTTIS- 
M’OODE  CAMERON,  M.D.,  B.Sc.,  Medical  Officer  of  Health,  Leeds. 

No.  2.— Infectious  Diseases,  Disinfection,  Ventilation.  By  w. 

ARNOI.D  EVANS,  M.D.,  D.P.H.  Medical  Officer  of  Health,  Bradford. 

No.  3.— Sanitary  Law  (A) : The  Public  Health  Act,  1875,  and 
the  Model  By-laws  thereunder.  By  TREVOR  EDWARDS 
AVest  Riding  Solicitor. 

No.  4.— Sanitary  Law  (B).  By  JOSEPH  PRIESTLEY,  B.A.,  M.D. 
D.P.H. 
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No.  5.— Water  Supplies,  Domestic  Plumbing’.  By  J.  MITCHELL 
WILSON,  M.D. , Jledical  Officer  of  Health,  Donoasi.er. 

No.  8.— Scavenging  and  Refuse  Disposal:  Smoke  Abatement. 

By  W.  L.  HUNTER,  M.D.,  Medical  Officer  of  Health,  Pudsey. 

No.  10.— Sanitai’y  Inspectors’  Work  (Geueral  and  Recapitulatory). 
By  J.  R.  KAYE,  M.B.,  Medical  Officer  to  the  West  Riding  Count}' 
Council. 

Rural  Water  Supplies.  By  J.  C.  Bussell 

McLEAN,  M.D.,  M.Ch.,  D.P.H.,  Fellow  of  Royal  Institute  of  Public 
Health,  Medical  Officer  of  Healtli,  Doncaster  Rural  and  Ticknell  Urban 
Districts.  Is.  net. 

lu  this  work  the  author  deals  concisely,  and  in  a practical  manner,  with  the 
important  subject  of  Rural  Water  Supply  in  its  various  phases,  viz.: — 
Purity  of  Atmosphere,  Catchment  Area,  Suitable  Conducting  Channels, 
Adequate  Storage,  Filtration,  Upland  Surface  Waters,  Streams  and  Rivers, 
Springs  and  Wells. 

The  information  in  its  pages,  which  is  based  on  a large  experience,  will 
be  found  of  great  value  to  Rural  Authorities  seeking  a reliable  guide, 
and  desiring  to  avoid  or  overcome  the  evils  resulting  from  unwholesome 
and  polluted  water  supply. 

Some  useful  legal  extracts  regarding  the  Water  Supply  of  Rural  Districts 
are  appended. 

“Will  be  found  most  useful  by  members  of  Local  Authorities  and  other 
men,  to  whom  it  can  be  heartily  recommended.” — British  Medical  Jovrnal. 

ri903. 

The  “ Sanitary  Record  ” Year  Book  and 

Diary  for  I pop.  Twenty-seventh  Annual  Issue.  Three  days  on  page. 
Interleaved  with  Blotting.  Cloth,  Gilt.  2s.  6d.  net. 

Contains  : — Sanitary  Legislation  of  Past  Y’'ear  ; Useful  Memoranda  for 
Sanitary  Engineersand  Surveyors  ; Directory  of  GovernmentDepartments  ; 
Sanitary  and  Allied  Associations,  &c. 

Water  Supply  of  Villages  and  Small 

Towns.  By  II.  C.  H.  SHENTON.  Paper  cover,  6d.  net. 

The  Zymotic  Enquiry  Book.  By  J.  Storey, 

Sanitary  Inspector,  Nantwich.  Is.  net.  Special  terms  to  Councils  for 
Quantities.  [1904 

This  book  is  handy  in  size,  and  each  opening  gives  ,all  the  headings  necessary 
for  making  a complete  report  of  every  case  of  zymotic  disease  occurring 
in  a district.  It  is  based  upon  the  results  of  a long  experience  in  the 
Public  Health  fisrvTCe  " — 
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The  Law  of  Food  Condemnation,  being 

a Short  Treatise  on  the  Sections  of  the  various  Public 
Health  Acts  dealing  with  this  subject.  By  W.  CLARKE 
HALL.  Medium  8vo.  23.  2d.  net.| 

“A  book  that  can  be  recommended  to  Medical  Officers,  Sanitary  Inspectors, 
and  to  candidates  for  examinations.” 

A Handbook  of  Sanitary  Law  for  the 

Use  of  Candidates  for  Public  Health  Qualifications.  By 

BURNETT  HAM,  D.P.H.  (Camb.),  M.D.,  M.R.C.S.,  L.R.C.P.  Fifth 
Edition.  2s.  6d.  net. 


SEWAGE  DISPOSAL  WORKS  & THEIR 
MANAGEMENT. 

By  JAMES  SAUNDERS,  Assoc.  M.  Inst.  C,E.,  A.R.I.B.A., 

■Member  of  the  Incorporated  .Association  of  Municipal  and  County  Engineers. 

JOHN  SAUNDERS,  Civil  Engineer, 

Late  Resident  Engineer  at  the  City  of  Chichester  Sewage  Disposal  Works. 

In  imparation. 


THE  PLANNING  OF  FEVER  HOSPITALS 

AND 

DISINFECTING  AND  CLEANSING 
STATIONS. 

By  ALBERT  C.  FREEMAN,  M.S.A., 

■Vuthor  “ Planning  of  Poor  Law  Buildings,”  “ Crematoria  in  Great  Britain 

and  Abroad,”  &c. 

\Vith  140  Illustrations.  Demy  8vo.  7s.  6d.net. 

This  work,  which  deals  with  the  many  Acts  for  the  prevention  of  infectious 
disease,  the  provision  of  fever  hospitals,  and  the  planning  and  construction, 
will  be  found  exceedingly  valuable,  especially  to  public  bodies.  Medical 
Officers  of  Health,  Borough  Engineers,  and  Architects.  [1909 
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And  Journal  of  Sanitary  and  Municipal 
Engineoring . 

Price  3d.  weekly.  Annual  Subscription : For  the  United  Kingdom, 
14s. ; for  the  Colonies  and  Abroad,  17s.,  post  free. 


THE  SANITARY  RECORD  is  designed  to  meet  the  require- 
ments of  everyone  interested  in  Municipal  and  Sanitary 
Affairs,  and  is  recognised  as  the  representative  organ  of 
Borough  Engineers,  Medical  Officers  of  Health,  Clerks 
to  Local  Authorities,  Sanitary  and  Food  Inspectors,  and 
Health  Visitors. 

THE  SANITARY  RECORD  contains,  week  by  week,  Practical 
Articles  written  by  leading  Authorities  in  their  Special 
Subjects.  Its  News  Service  is  complete,  thus  keeping  its 
readers  up-to-date.  The  Answers  to  Correspondents  is  a 
feature  which  has  long  been  of  immense  help  to  Officials 
and  Students,  and  this  Department  is  constantly  appealed 
to  by  readers  in  all  parts  of  the  world. 
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